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Equine Arteritis Virus Vaccine 
Field of the Invention 

The invention belongs to the field of animal health and in equine arteritis virus (EAV). The 
invention provides vaccine compositions comprising open reading frame (ORF) 2, ORF 5 and 
ORF 7 nucleic acid of EAV, nucleic acid said ORF2, ORF 5 and ORF 7 and vectors comprising 
said ORFs. The invention further relates to the use of said ORFs and vectors in the manufacture 
of a medicament for the prevention and treatment of EAV infections. 

Background of the invention 

Equine arteritis is a contagious disease of horses and is spread via respiratory or reproductive 
tract and caused by equine arteritis virus (EAV) which is a member of the Arteriviridae family, 
n that includes lactate dehydrogenase-elevating virus (LDV), porcine reproductive and respiratory 
syndrome virus (PRRSV), and simian haemorrhagic fever virus (SHFV). 
EAV is well investigated and its biological and biophysical properties together with the data on 
viral pathogenesis and cell virus interactions had been documented in over 200 scientific reports 
(enclosure 1). The genomic organization and transcriptional strategy of art eri viruses are shown in 
» Fig. I. The EAV virions are 60-65 nm in diameter and possess a 49S RNA genome that is a 
single-stranded, nopsegmented, capped and polyadenyiated message-sense RNA (12687 
nucleotides; den Boon, et al. 1991; GenBank accession number: X53459). The EAV genome is 
infectious and contains at least eight open reading frames (ORF) la, lb, 2, 3, 4, 5, 6, and 7 (SEQ 
ID No, 10). The two largest viral ORFs (ORF la and ORF lb) encode the viral replicase (den 
si Boon, et al 1991) and are located at the 5 '-end of the viral genome between the nucleotide 
positions 1 and 9807. The ORFs 2 to 7 are overlapping and located at the 3 '-end of EAV 
genome. These ORFs encode four known structural viral proteins and two proteins of unknown 
function (gene products of ORFs 3 and 4). The EAV virion consists of a phospborylated 
nucleocapsid protein (N, 14 kDa, gene product of ORF 7), a N-glyco$ylated major membrane 
n protein (Gu 30-44 kDa, gene product of ORF 5), a N-glycosylated minor membrane protein (G s , 
25 kDa, gene product of ORF 2), and an miglycosylated membrane protein (M, 17 kDa> gene 
product of ORF 6). 

The EAV infection is maintained in horse population, because chronic earner animals shed EAV 
in their semen and transmit it venereally to mares during the mating season. PRRJSV is also 
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characterized by reproductive failure e.g. late-term abortions in sows and causing respiratory 
illness and mortality in young pigs. 

The analysis of the genetic stability of EAV during horizontal and vertical transmission in an 
outbreak of equine viral arteritis revealed that the carrier stallion is the source of genetic diversity 
of EAV (Balasuriya et a/.,1999). It is known that the infected carrier stallion is the critical natural 
reservoir of EAV. The outbreak of an EAV infection can be initiated by the horizontal aerosol 
transmission of specific viral variants that occur in the semen of carrier stallions. However, 
Patton and co-workers show that not only the carrier stallion is the critical natural reservoir of 
EAV, but also genetic diversity of the virus is generated in the course of persistent infection of 
carrier stallions (Patton et a/.,1999). 

Consequently, PRRSV and EAV cause economically important infectious diseases in swine and 
horse farms worldwide. The. development of an efficient vaccine is of particular importance, 
since it focuses attention on the prevention of the diseases. 

In the art, there was a long lasting heed for an effective EAV vaccine capable of preventing or 
curing an BAV-associated disease. Therefore, the technical problem underlying this invention 
was to provide such a vaccine capable of preventing or curing an EAV-associated disease. 



Figures 

Fig. 1 

Schematic diagram of the genomic oi 
Arieriyiridae. 



irganisation and transcriptional strategy of the family 



Fig.2: 

Schematic diagram of the strategy used for molecular cloning of neutralizing domain of equine 
arteritis virus (EAV): 
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Fig. 3: 

The results of neutralization tests obtained by the analysis of the sera of the individual Balb/c 
mice that were inoculated in two independent experiments (A and B) with the DNA of 
recombinant plaamid P CR3.1-EAV-05-BX-C14 harboring and expressing ORF 5 of equine 
arteritis virus (EAV). 
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Fig. 4: 

The results of neutralization test obtained by the analysis of the sera of the individual Balb/c 
mice that were inoculated with the DNA of recombinant plasmids pCR3.l-BAV-05-BX-C.14 
and pCR3.1-EAV-07-BX-C3 harboring and expressing ORFs 5 and 7 of equine arteritis virus 
> (BAY). 

Fig. 5: 

The results of neutralization test obtained by the analysis of the sera of the individual Balb/c 
mice that were inoculated with the DNA of recombinant plasmid9 pDP-BAV-OS-BsS-C2 and 
io pDP-EAV-07-BsS-Cl harboring and expressing ORFs 5 and 7 of equine arteritis virus (EAV). 

Fig- 6: 

The results of neutralization test obtained by the analysis of the sera of the individual Balb/c 
mice that were inoculated with the DNA of recombinant plasmids pCR3.1-EAV-OS-BX-Cl4 
a and pCR3 , 1 -EAV-06-BE-C4 harboring and expressing ORFs 5 and 6 of equine arteritis virus 
(EAV). 

Fig. 7: 

The results of neutralization test obtained by the analysis of the sera of the individual Balb/c 
20 mice that were inoculated with the DNA of recombinant plasraid pCR3.1-EAV-04-BX-C3 
harboring and expressing ORF 4 of equine arteritis virus (EAV). The individual animals are 
indicated with number 1 to 1 0, . 

Fig. 8: 

a The results of neutralization test obtained by the analysis of the sera of the individual Balb/c 
mice that were inoculated with the DNA of recombinant plasmid pCR3.1-EAV-04-BE-C3 
harboring and expressing ORF 4 of equine arteritis virus (EAV). The individual animals are 
indicated with number 1 to 10. 

u Fig. 9: 

The results of neutralization tests obtained by the analysis of the sera of the individual Balb/c 
mice that were inoculated with the DNA of recombinant plasmid pCR31-EAV-05-del-121 
harboring and expressing the N-terminal hydrophilic ectodomain of G L envelope glycoprotein 
(amino acid residue 1-121 of ORF 5) of equine arteritis virus (EAV). 
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Fig. 10: 

The results of neutralization test obtained by the analysis of the sera of the individual Balb/c 
mice that were inoculated with the DNA of recombinant plasmids pCR3.1-EAV-02-BX-C5, 
i pCR3,l~EAV-05-BX-C14, and pCR3.i-EAV-06-BE-C4 harboring and expressing ORFs 2 
(small glycoprotein), 5 (large envelope glycoprotein), and 6 (membrane protein), of equine 
arteritis virus (EAV). 

Fig. U: 

w The results of neutralization test obtained by the analysis of the sera of the individual Balb/c 
mice that were inoculated with the DNA of recombinant plasmids pCR3.1-EAV-02-BX-C5 and 
pCR3.1-EAV-04-BX-C3 harboring and expressing ORFs 2 and 4 of equine arteritis virus 
(EAV). 

is Fig. 12: 

An example of the results obtained by enzyme linked immunosorbent assay (ELISA) for the 
detection of EAV specific antibodies. 

Fig. 13: Establishing a lymphoproliferation assay for detection of cellular immune response 

29 

Fig. 14 (Fig 14~14b) Determination of the maximum cellular 5l Cr-uptake 

Fig. IS (Fig. 15a»lSe) Calculated specific lysis after the 2 na and 3 rd booster immunization 

25 Disclosure pf the inveption 

Definitions of terms used in the description; 

Before the embodiments of the present invention it must be noted that as used herein and in the 
appended claims, the singular forms "a", "an", and "the" include plural reference unless the 
so context clearly dictates otherwise. Thus, for example, reference to "a nucleic acid molecule" 
includes a plurality of such nucleic acid molecules, reference to the "vector" is a reference to one 
or more vectors and equivalents thereof known to those skilled in the art, and so forth. Unless 
defined otherwise, all technical and scientific terms used herein have the same meanings as 
commonly understood by one of ordinary skill in the art to which this invention belongs. 
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Although any methods and materials similar or equivalent to those described herein can be used 
in the practice or testing of the present invention, the preferred methods, devices, and materials 
are now described. All publications mentioned herein are incorporated herein by reference for the 
purpose of describing and disclosing the cell lines, vectors, and methodologies as reported in the 
s publications which might be used in connection with the invention. Nothing herein is to be 
construed as an admission that the invention is not entitled to antedate such disclosure by virtue 
of prior invention. 

The term "EAV" as used herein refers to all viruses belonging to species equine arteritis virus 

to within the family Arteriviridae. 

A ..fragment* 1 according to the invention is any subunit of a DNA molecule (e,g. part of an open 
reading frame (ORF)) of a longer DNA molecule (e.g. an entire ORP) BAV according to the 
invention, i.e. any subset, characterized in that it is encoded by a shorter nucleic acid molecule 
than disclosed which can still be transcribed into RNA. fragment" also relates to subsets of 

is proteins, i.e. smaller proteins encoded by said DNA fragments. The expression is to be 
understood depending upon the context in which it is used. 

A ^functional variant" of the DNA molecule according to the invention or protein encoded 
thereby is a DNA molecule or protein which possesses a biological activity (either functional or 
structural) that is substantially similar to the DNA molecule or protein according to the 

so invention. The term „fimctional variant** also includes „a fragment", „a functional variant", 
„variant based on the degenerative nucleic acid code" or „chemical derivative". Such a 
„functional variant" e.g. may carry one or several nucleic acid exchanges, deletions or insertions. 
Said exchanges, deletions or insertions may account for 10% of the entire sequence. Said 
functional variant at least partially retains its biological activity, e.g. function as an infectious 

u clone or a vaccine strain, or even exhibits improved biological activity. 

A ^variant based on the degenerative nature of the genetic code" is a variant resulting from the 
fact that a certain amino acid may be encoded by several different nucleotide tripletts. Said 
variant at least partially retains its biological activity, or even exhibits improved biological 
activity. 

so According to the invention, "mutation" means the replacement of a nucleotide by another (e.g. C 
for a T) a so-called "substitution" or any other mutation such as "deletion" or "insertion". 
"Deletion" means the removal of one or several nucleotides or amino acids. 
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A ..fusion molecule" may be tbe DNA molecule or protein according to the invention fused to 
e.g. a reporter such as a radiolabel, a chemical molecule such as a fluorescent label or any other 
molecule known in the art. 

As used herein, a ..chemical derivative" according to the invention is a DNA molecule or protein 
according to the invention chemically modified or containing additional chemical moieties not 
normally being part of the molecule. Such moieties may improve the molecule's solubility, 
absorption, biological half life etc 

A molecule is substantially similar" to another molecule if both molecules have substantially 
similar nucleotide sequences or biological activity. Thus, provided that two molecules possess a 
similar activity, they are considered variants as that term is used herein if the nucleotide sequence 
is not identical, and two molecules which have a similar nucleotide sequence are considered 
variants as that term is used herein even if their biological activity is not identical. • 
The terms "vaccine" and "vaccine composition" are used interchangeably. 
The term "vaccine" as used herein refers to a pharmaceutical composition comprising at least one 
immunologically active component that induces an immunological response in an animal and 
possibly but not necessarily one or more additional components that enhance the immunological 
activity of said active component. A vaccine may additionally comprise further components 
typical to pharmaceutical congestions. The immunologically active component of a vaccine may 
comprise complete virus particles in either their original form or as attenuated particles in a so 
called modified live vaccine (MLV) or particles inactivated by appropriate methods in a so called 
killed vaccine (KV). In another form the immunologically active component of a vaccine may 
comprise appropriate elements of said organisms (subunit vaccines) whereby these elements are 
generated either by destroying the whole particle or the growth cultures containing such particles 
and optionally subsequent purification steps yielding the desired stroctureOO, or by synthetic 
processes including an appropriate manipulation by use of a suitable system based on, for 
example, bacteria, insects, mammalian or other species plus optionally subsequent isolation and 
purification procedures, or by induction of said synthetic processes in the animal needing a 
vaccine by direct incorporation of genetic material using suitable pharmaceutical compositions 
(polynucleotide vaccination). A vaccine may comprise one or simultaneously more than one of 
the elements described above. 

The term "vaccine" as understood herein is a vaccine for veterinary use comprising antigenic 
substances and is administered for the purpose of inducing a specific and active immunity against 
a disease provoked by EAV. The EAV vaccine according to the invention confers active 
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immunity that may be transferred passively via maternal antibodies against the immunogens it 
contains and sometimes also against antigenically related organisms. 

Additional components to enhance the immune response are constituents commonly referred to 
as adjuvants, like e.g. alumimumnydroxide, mineral or other oils or ancillary molecules added to 
s the vaccine or generated by the body after the respective induction by such additional 
components, like but not restricted to interferons, interleukins or growth factors. 
A 'Vaccine composition" essentially consists of one or more ingredients capable of modifying 
physiological e.g. immunological functions of the organism it is administered to, or of organisms 
living in or on the organism. The term includes, but is not restricted to antibiotics or 
to antiparasitics, as well as other constituents commonly used to achieve certain other objectives 
like, but not limited to, processing traits, sterility, stability, feasibility to administer the 
composition via enteral or parenteral routes such as oral, intranasal, intravenous, intramuscular, 
subcutaneous, intradermal or other suitable route, tolerance after administration, controlled 
release properties. 

IS 

Disclosure of the invention 

The solution to the above technical problem is achieved by the description and Hie embodiments 
characterized in the claims. 

The long lasting need in the art for a vaccine capable of preventing or curing an EAV-aasociated 
m disease has been overcome by the present inventors who provided a such a nucleic acid-based 
prophylactic or therapeutic vaccine for BAV-associated diseases. Said vaccine is described in 
more details infra. 

Surprisingly, the nucleic acid-based vaccine according to the invention for the first time in the art 
is capable of not only generating a humoral (antibody-based) response (demonstrated in an 

a exemplary manner in e.g. example I), but also a cellular immune response in horses. Only this 
cellular immune response, as exemplified in examples 2 to 5, is protective against horizontal and 
vertical EAV transmission in horses. More surprisingly, quite contrary to what was expected by 
the artisan (Bany and Johnston, 1997) the vaccine according to the invention is protective against 
infection not only in young horses, but also in horses of all ages (as exemplified by data, see table 

» 8 and 10). Thus, the vaccines according to the invention as described Infra are capable of 
inducing a cellular immune response in horses and are protective against horizontal and vertical 
EAV transmission in horses of different ages. 
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In a first important embodiment, the invention relates to a vaccine composition which is 
protective against equine arteriviras (EAV) infections in horses and induces a cellular immune 
response, comprising a open reading frame nucleic acid (ORF) 2, ORF 5 and/or ORF7 of EAV. 
The invention also relates to vaccine compositions wherein said ORF 2, ORF5, and/or ORF7 are 

s fragments, functional variants or cany mutations as defined supra. 

To prepare such nucleic acids, the artisan may follow the examples of the present invention and 
apply also standard molecular biology methods which can be found e.g. in Sambrook et al.(1989) 
Molecular Cloning: A Laboratory Manual, 2 nd ed>, Cold Spring Harbor Laboratory Press, Cold 
Spring Hajbor, New York and Bertram, S. and Gassen, H.G. Gentechnische Methoden, G. 

jo Fischer Verlag, Stuttgart, New York, 1991). 

The invention further relates to a vaccine composition according to the invention, wherein said 
vaccine composition comprises a nucleic acid ORF 2, ORF 5 and ORF7 of EAV. Surprisingly, 
contrary to the opinion in the art, a vaccine comprising nucleic acid said three ORFs is 
is particularly effective and much better than a vaccine wherein the entire cDNA for EAV is used, 
ORF 2 relates *lso to ORF 2a which is comprised by the present invention. ORF 2 encodes a 
small glycoprotein. ORF 5 encodes a large envelope glycoprotein. ORF 7 encodes the 
nucleocapsid protein. The invention also relates to vaccine compositions comprising mutated or 
truncated ORFs, such as ORF S in a deleted form (SEQ ID No. 9). 

& > 

The invention further relates to a vaccine composition according to the invention as disclosed 
supra, wherein said vaccine composition further comprises one or several ORFs selected from 
the group of ORF la, ORF lb, ORF 3 S ORF 4, ORF 6. ORF la and ORF lb encode the viral 
replicase. Any combination of said ORFs or all of said ORFs may be part of said vaccine. ORF 3 
# and ORF 4 encode proteins of yet unknown function. ORF 6 encodes an unglycosylated 
membrane protein. Preferably, said ORF or ORFs are as disclosed in SEQ ID No. I or SEQ ID 
No. 8, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 6. 

The invention also relates to vaccine compositions comprising mutated or truncated ORFs, such 
iP as the partial ORF1 sequence in SEQ ID No. 8. 

The invention further relates to a vaccine composition according to the invention as disclosed 
supra, wherein said nucleic acid is cDN A. 
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The invention further relates to a vaccine composition according to the invention as disclosed 
supra, wherein said vaccine composition comprises one or several nucleic acid vectors each 
comprising said OBF or ORFs. One embodiment of the invention relates to such a vector 
comprising more than one ORF. 



The invention further relates to a vaccine composition according to the invention as disclosed 
supra, wherein said vectors) is/are expression vectors). 

The invention further relates to a vaccine composition according to the invention as disclosed 
/o supra, wherein said expression vector(s) comprise(s) a eukaryotic cis-acting 
transcription/translation sequence functionally linked to said ORF(s). 

The invention further relates to a vaccine composition according to the invention as disclosed 
supra, wherein said expression vector, is selected from the group of pCR3,l, pcDNA3.J/His A, 
u pcDNA3.1/His B, pcDNA3.1/His C, and pDisplay (pD) Such vectors are commercially available 
(Invitrogen). 

The invention fluther relates to a vaccine composition according to the invention as disclosed 
supra, further comprising the nucleic acid encoding interleukin 2 (DL-2) or a vector or expression 

20 vector comprising said nucleic acid encoding IL-2. 

The invention further relates to a vaccine composition according to the invention as disclosed 
supra, further comprising pharmaceutical^ acceptable carrier or excipient 

21 The invention further relates to a vaccine composition according to the invention as disclosed 
supra, further comprising one or several adjuvants selected from the group of Muramyl 
Dipeptide (MDP), Montanide 720, Poly Inosine:Cytosine (Poly I:C) or plasmid DNA comprising 
unmethylated cytosine, guanine dinucleoticje sequence motifs (CpG). 

to The invention relates to a vaccine according to the invention as described supra wherein the 
adjuvants is any one of the compounds described in Chapter 7 (pp 141-227) of "Vaccine Design, 
The Subunit an4 Adjuvant Approach" (eds. Powell, M. F. and Newman, M, J.) Pharmaceutical 
Biotechnology, Volume 6, Plenum Press (New Yoik). Examples from this compendium include 
Muramyl Dipeptide (MDP) and Montanide 720 as disclosed supra. Molecules such as Poly 



EmPfansszei t 30. Jan. 8:39 



30. JRN.2082 8:49 BI A PflTENTE 6132 774377 ^16*3 

Boehringer Ingelheim Vetmedica GmbH 1- - 

10 " 



JO 



mosine:Cytosine (Poly I:C) or .jmmunostmiulatory nucleic acid molecules" such as plasmid 
DNA containing CpG motifs can also be a&ninistered as adjuvants in combination with antigens 
encapsulated in microparticles. An "iinmunosnmulatory nucleic acid molecule" refers to a 
nucleic acid molecule, which contains an unmethylated cytokine, guanine (^nucleotide sequence 
(i.e. "CpQ DNA" or DNA containing a cytosine followed by guanosine and linked by a 
phosphate bond) and stimulates (e.g. has a mitogenic effect on, or induces or increases cytokine 
expression by) a vertebrate lymphocyte. An immunostimulatory nucleic acid molecule can be 
double-stranded or single-stranded. Generally, double-stranded molecules are more stable in 
vivo, while single-stranded molecules have increased immune activity. The instant invention is 
based on the finding that certain "immunostimulatory nucleic acid molecules" containing 
unmethylated cytosine-guanine (CpG) dinucleotides activate lymphocytes in a subject and 
redirect a subject's immune response from a Th2 to a Thl (e.g. by inducing monocytic cells and 
other cells to produce Thl cytokines, including IL-12, IFN-.gamma. and GM-CSF). 

The invention further relates to a vaccine composition according to the invention as disclosed 
supra, consisting of expression vectors comprising ORF2, ORP5 and ORF7 of EAV, 
respectively, and optionally carrier, excipients or adjuvants and an expression vector comprising 
the nucleic acid encoding IL-2. Said nucleic acid is preferably equine IL-2. Preferably also, said 
the coding nucleic acid equine IL-2 is co-expressed on a vector as disclosed supra encoding one 
or several EAV OREs. 

The invention further relates to a vaccine composition according to the invention as disclosed 
S upra, Wherein ORE 2 is SEQ ID No. 2, ORE 5 is SEQ ID No. 5 or SEQ ID No. 9 and ORE 7 is 
SEQIDNo.7. 

Suitable for targeted delivery of the vaccine composition according to the invention are colloidal 
dispersion systems or liposomes. One example of a targeted delivery system for the EAV ORE 
nucleic acid molecules according to the invention is said colloidal dispersion system. Collomal 
dispersion systems include macromolecule complexes, nanocapsuies, microspheres, beads, and 
, lipid-based systems Including oil-in-water emulsions, micelles, mixed micelles, and liposomes or 
liposome formulations. The preferred colloidal system of this invention is a liposome. Liposomes 
are artificial membrane vesicles which are useful as delivery verhicles in vitro and in vivo. These 
formulations may have net cationic, anionic or neutral charge characteristics are useful 
characteristics with in vitro, in vivo and ex vivo delivery methods. It has been shown that large 
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unilamellar vesicles (LUV)> which range in size from 0.2-4.0 fim can encapsulate a substantial 
percentage of an aqueous buffer containing large roacromolecules. RNA, DNA and intact virions 
cap be encapsulated within the aqueous interior and be delivered to cells in a biologically active 
form (Fraley R and Papahadjopoulos D (1981). New generation liposomes - The engineering, of 

s an efficient vehicle for intracellular delivery of nucleic acids. Trends Biochem Sci 6, 77-80), In 
addition to mammalian cell?, liposomes have been used for delivery of polynucleotides in plant, 
yeast and bacterial cells. In order for a liposome to be an efficient gene transfer vehicle of the 
EAV ORFs according to the invention, the following characteristics should be present: (1) 
encapsulation of the genes of interest at high efficiency while not compromising their biological 

io activity; (2) preferential and substantial binding to a target cell in comparison to non-target cells; 
(3) delivery of the aqueous contents of the vesicle to the target cell cytoplasm at high efficiency; 
and (4) accurate and effective expression of genetic information (Mannino RJ, and Gould* 
Pogerite S (1988). Liposome mediated gene transfer. BioTechniques 6, 682-690.). 
The composition of the liposome is usually a combination of phospholipids, particularly high- 

is phase-transition-temperature phospholipids, usually in combination with steroids, especially 
• cholesterol. Other phospholipids or other lipidp may also be used. The physical characteristics of 
liposomes depend on pH, ionic strength, and the presence of divalent cations. 

The vaccine composition of the present invention may contain said recombinant vector as a 
30 naked "gene expression vector". This means that the construct is not associated with a delivery 
vehicle (e.g. liposomes, colloidal particles and the like). One of the principal advantages of naked 
DNA vectors is the lack of a immune response stimulated by the vector itself. 

The invention further relates to a vaccine composition according to the invention as disclosed 
is supra, wherein the nucleic acid or nucleic acid vector or expression vector is encapsulated into 
liposomes. 

Several types of liposomal preparations may be used for encapsulation, including large 
multilamellar vesicles, small unilamellar vesicles, neutral, anionic liposomes or simple cationic 
amphiphiles. Most preferred are cationic liposomes. 
sa These synthetic gene delivery systems are described by many terms: 

The cationic lipid-mediated transfection has been also called liposome-mediated-transfection, 
oationic liposome-mediated transfection, lipofection, cytofection, amphifection, and lipid- 
mediated transfection. Similarly, the complexes that are produced when cationic lipids are 
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mixed with DNA have been referred , to as cytosomes, amphisomes, liposomes, nucleolipidic 
particles, cationic lipid-DNA complexes, lipid-DNA complexes, DNA-lipid complexes etc. 
Recently, a common nomenclature was proposed: Lipoplex - replaces all of the terms for cationic 
lipid-nucleic acid complexes (including DNA, RNA, or synthetic oligonucleotides) and 
j Upofection means the nucleic acid delivery mediated by lipoplexes. Any of said gene delivery 
system may be used according to the invention. 

The positive charge on cationic lipid molecules facilitates their association with negatively 
charged nucleic.acid as well as with membrane phospholipids (negatively charged) what is the 
basis for the non-specific interaction of the complex. 

io The specific binding to the cell is mediated by use of specific ligands for cellular receptors. 
Cationic Liposomes may deliver DNA either directly across the plasma membrane or. via 
endosonie compartment Regardless of its exact entry point, much of the DNA does accumulate 
in the endosomes and is lost by the internal hydrolytic digestion within the endosomes. To 
protect the piasmid DNA several strategies may be used according to the invention. This Includes 

if the use of acidotropic, weak amines such as chloroquine, which presumably prevent DNA 
degradation by inhibiting endosomol acidification. But also viral fusion peptides or whole 
viruses may be included to disrupt endosomes or promote fusion of liposomes with endosomes 
and facilitate release of DNA into the cytoplasm. Such protection of the piasmid DNA is also a 
preferred embodiment of the invention. 

to The DNA concentration, the ratio of lipid reagent to DNA the transfection time and the effect of 
serum are the most critical factors in each transfection. 

Liposomes must be stable. In case of leakage they would lose antigen and adjuvants premature. 

Preferred is a vaccine composition according to the invention as disclosed supra comprising 0.05 
u us ~ 10 H6» preferred O.lug - 1 fig, most preferred 0.5 ug. Further preferred dose ranges are: low 
range 0.1-1.0 ug, most preferred 0.5 ug, middle range 1.1-10 ug, most preferred 15 ug, high 
range llug-20ug, most preferred 15ug. The artisan knows the criteria for the ideal dose which 
depends on the chosen route of administration, i.e. with gene gun the vaccine is injected directly 
into Langerhans cells, thus very little of antigen gets lost, whereas i.m. injection requires much 
«, higher doses. 

Most preferred is a vaccine composition according to the invention as disclosed supra 
comprising 0.5 ug of individual nucleic acid vector or preferred expression vector and preferably 
for 10 shots per animal, i.e. 5ug of individual nucleic acid vector (or preferred expression vector) 
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per vaccination, e.g. if seven nucleic acid vectors (or preferred expression vectors) are used, 35 
yig per vaccination and animal (gee example 2). 

Also preferred is a vaccine composition according to the invention as disclosed supra 
s comprising; low range 10-100 \ig, most preferred .50 jig, middle range 101-500 ^g, most 
preferred 200 fig, high range 501 jig-2000 \ig t most preferred 1000 ng, Again, the artisan knows 
the criteria. for the ideal dose which depends on the chosen route of administration, i.e. with gene 
gun the vaccine is injected directly into Langerhans cells, thus very little of antigen gets lost, 
whereas Lip. injection requires much higher doses. 

/p . 

Also most preferred is a vaccine composition according to the invention as disclosed supra 
comprising SO \ig of individual nucleic acid vector or preferred expression vector and preferably 
for 4 injections per animal, i.e. 200 \ig of individual nucleic acid vector (or preferred expression 
vector) per vaccination, e.g. if seven nucleic acid vectors (or preferred expression vectors) are 

is used, 1,4 mg per vaccination and animal (see example 2). 

In yet another important embodiment the invention relates to a nucleic acid vector comprising 
nucleic acid selected from the group of ORF la, ORF lb, ORF 2, ORF 3, ORF 4. ORF 5. ORF 6 
and/or ORF7 of EAV, Preferably, said ORF or ORFs are as disclosed in SEQ ID No. 1 or SEQ 
m JO No. 8, SEQ ID No. 2, SEQ ID No. 3, SEQ ID No, 4, SEQ JD No. 5, SEQ ID No., 6 and/or 
SEQ ID No. 7. 

A preferred aspect of the invention is a nucleic acid vector according to the invention as 
disclosed supra, wherein said nucleic acid is DNA. 

-v 

A more preferred aspect of the invention is a nucleic acid vector according to the invention as 
disclosed supra, wherein said nucleic acid vector is ap expression vector. 

Another more preferred aspect of the invention is a nucleic acid vector according to the invention 
io as disclosed supra, wherein said expression vector comprises a eukaryotic cis-acting 
transcription/translation sequence functionally linked to said ORF(s). 

To accomplish expression, a wide variety of vectors have been developed and are commercially 
available which allow inducible (e.g., LacSwitch expression vectors, Stratagene, La Jolla, CA) or 
cognate (e.g., pcDNA3 vectors, Invitrogen, Chatsworth, CA) expression of EAV ORF nucleotide 
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sequences under the regulation of an artificial promoter element. Such promoter elements are 
often derived from CMV of SV40 viral genes, although other strong promoter elements which 
are active in eukaryotic cells can also be employed to induce transcription of EAV ORF 
nucleotide sequences. Typically, these vectors also contain an artificial polyadenylation sequence 
and 3* UTR which can also be derived from exogenous viral gene sequences or from other 
eukaryotic genes. Furthermore, in some constructs, artificial, non-coding, spliceable introns and 
exoris are included in the vector to enhance expression of the nucleotide sequence of interest (in 
this case, EAV ORF sequences). These expression systems are commonly available from 
commercial sources and are typified by vectors such as pCDNA3 and pZeoSV Onvitrogen, San 
Diego, CA). Innumerable commercially-available as well as custom-designed expression vectors 
are available from commercial sources to allow expression of any desired EAV ORE transcript in 
more or less any desired cell type, either constitutively or after exposure to a certain exogenous, 
stimulus (e.g„ withdrawal of tetracycline or exposure to IPTG). 

A most preferred aspect of the invention is a nucleic acid according to the invention as disclosed 
supra, wherein said expression vector is selected from the group of pCR3.1, pcDNA3.1/His A 
pcDNA3.l/His B, pcDNA3.1/His C, andpDisplay (pD). 

Another most preferred aspect of the invention is a nucleic acid, according to the invention as 
disclosed supra, wherein said nucleic acid vector comprises a nucleic acid selected from the 
group of SEQ ID No. 2, SEQ ID No. 5, SEQ ID No. 9 and/or SEQ ID No. 7. 

Gene gun is a ballistic system that can propel DNA-coated microparticles directly into the skin. 
Plasmid DNA is affixed to gold particles of about 0,45 um. The total amount of DNA per sheet 
is a function of the DNA/gold ratio, i.e. 5 H g DNA/mg gold. If about 0,4 mg of gold particles are 
shoot into the epidermis/derrais driven by helium (helium discharge pressure of 400-450 psi), 
about 2 ug of DNA is inoculated into the skin. 

Therefore, the ftindaraehtal difference of gene gun vs. i.ra. injection is the amount of DNA 
required to produce an equivalent level of gene expression. This apparent difference could most 
likely related tp the fact that i.m. or i.d. injections by needle places the DNA also into 
extracellular spaces, exposure of DNA to nucleases in the intestinal fluid or that the.hydrostauc 
pressure that results from the injection of several ul of saline into a muscle rapidly drives out the 
DNA of protein producing cells so that only a little amount of injected DNA will be expressed in 
protein. 
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Interestingly, the gun is in general limited by the little amount of plasmid that can be delivered in 
one inoculation. This limit is about 2,5 \ig of plasmid per shot. Exceeding this amount causes the 
particles to clump together, creating t macroparticles T which cause increased damage to the target 
tissue. By contrast, milligrams of plasmid DNA can be delivered by i.m, injections using needles 
j and the success of i.m. injection can be easily monitored by swelling of the injected muscle 
bundle. Qualitative differences in immunisation by the gene gun and i.m. injection can be 
circumvented by increasing the amount of DNA, A DNA inoculation by gene gun needs almost 
hairless skin. So the most animals to be vaccinated have to get shaved. 

jo Such problems should be overcome by new generations of gene guns which also may be used 
according to the invention. A new device, the PowderJect ® system driven by helium gas, is the 
first one which is able to deliver both metallic and non-metallic particles into tissues. Most 

preferred is the use of the PowderJect ® system. 

is Thus, another important embodiment of the invention is a method for prophylaxis or treatment of 
EAV infection in a horse, comprising 

(i) coating one or peveral DNA moiecule(s) according to the invention as disclosed supra, or one 
or several nucleic acid vectors) according to the invention as disclosed supra, onto carrier 
particles; 

20 (ii) accelerating the coated carrier particles into epidermal cells of the horse in vivo; and 

(iii) inducing a protective or therapeutic immune response in said horse upon or after exposure to 
EAV; and 

(iv) monitoring the reduction of EAV-associated pymptom* or the reduction of horizontal or 
vertical transmission. 

23 

Preferably, in said method as disclosed supra, the carrier particles are gold. 

Any of the above-disclosed devices such as gene gun or the PowderJect ® system may be used. 
The injection may be carried out as disclosed supra. Most preferably, said method may be carried 
jo out repeatedly. An appropriate vaccination scheme may be preferably on day 0 (basic 
vaccination), 2 weeks therafter, 4 weeks after the basic vaccination and 7 weeks after the basic 
vaccination. This is exemplified in example 2. 
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Also preferred vaccination schemes are: 

1) only one base immunization without booster;or 

2) base immunization, 1* boost after 8-12 weeks; or 

3) baa. immunization, 1" boost after 8-12 weeks, 2"< boost after 12 months. 

Said vaccine. DNA moleoule(a) according to the Invention as disclosed supra, or one or several 
nucleic acid vectors) according to the invention as disclosed supra may be administered by any 
toown route of adounistration: preferably orally, nasally, lingual*, intravenously (i.v.). 
intradermal* (..«, intraepidermally (by rubbing into die akin), intranasaUy. vagmaily, 
subcutaneously (s.c), intramuscular (i.m.). 

According to the invention, various vehicles for administration of the vaccine, DNA moleoule(s) 
wording to the invention as disclosed supra, or one or several nucleic acid vectors) according 
to the invention as disclosed sM/»ro may be used: only piasmid "naked' DNA inoculation by needle 
. liposome - gold beads - biodegradable nanoparticles - virus like particles (VLP) - aerosol. 

p^fcrred modes of adminisnation for the vaccine, DNA molecule© according to the invention 
as dMosed supra, or one or several nucleio add vectors) according to the invermon as 
disclosed supra are: injection by needle, gene gun. encapsulated to liposomes or rubbing mm toe 
ft skin, 

Preferred doses are 0.5 pg of individual nucleio acid vector or pmferred expression vector and 10 
shots per anim* i.e. 5 pg of individual nucleic acid vector (or preferred expression vector) per 
v^einaUon. e.g. if seven nuctoic add vector, (or preferred expmwion vectors) are used, 35 pg 
3S per vaccination and animal (see example 2). 

Preferred are 1 to 10. more preferably 5 or 7 or 10 shots per amnmd, most proferred are 10 shots 
per animal- 

. One preferred method of vaccination is the direct injection of piasmid DNA into skeletal muscle. 
Long-lasting Immune responses are obtained in many cases without boost 

For toe ton. route. DNA preferably is injected by needle, where* for toe U. route a gene gun 
preferably is used (see supra): 
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Yet another .important embodiment of the invention is a method for prophylaxis or treatment of 
EAV infection in a horse, comprising 

(j) injecting a vaccine composition according to the invention as disclosed supra, or one or 
$ several DNA molecule(s) according to the. invention as disclosed supra, or one or several nucleic 
acid vectors) according to the invention as disclosed supra into muscular cells. of the horse in 
vivo; and 

(ii) inducing a protective or therapeutic immune response in said horse upon or after exposure to 
EAV, and 

io (iii) monitoring the reduction of EAV-associated symptoms or the reduction of horizontal or 
vertical transmission. 

Most preferably, sfrid method may be carried out repeatedly. An appropriate vaccination scheme 
may be preferably on day 0 (basic vaccination), 2 weeks therafter, 4 weeks after the basic 
m vaccination and 7 weeks after the basic vaccination. This is exemplified in example 2. Preferred 
doses are 50 |ig of individual nucleic acid vector or preferred expression vector, and 4 
inoculations per animal, i.e. 200 ng of individual, nucleic acid vector (or preferred expression 
vector) per vaccination, e.g. if seven nucleic acid vectors (or preferred expression vectors) are 
used, 1,4 mg per vaccination and animal (see example 2). 

20 

Also preferred is a vaccine composition according to the invention as disclosed supra 
comprising; low range 10-100 |xg, most preferred 50 jxg, middle range 101-500 ng, most 
preferred 200 \i& high range 501|*g-2000*ig, most preferred 1000|ig. Again, the artisan knows 
the criteria for the ideal dose which depends on the chosen route of administration, i.e. with gene 
25 gun the vaccine is injected directly into Langerhans cells, thus very little of antigen gets lost, 
whereas i.m, injection requires much higher doses. 

Again, preferred vaccination schemes are: 
1) only one base immunization without booster;or 
so 2) base immunization, 1 st boost after 8-12 weeks; or 

3) base immunization, 1* boost after 8-12 weeks, 2™* boost after 12 months. 

Said vaccine, DNA molecule(s) according to the invention as disclosed supra, or one or several 
nucleic acid vector($) according to the invention as disclosed supra may be administered by any 
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known route of adrmhistration: preferably orally, intravenously (i.v.), intradermaUy, 
intraepidermally (by rubbing into the skin), intranasally, vaginally, subcutaneously (s.c), 
intramuscular (i.m.). 

Preferred modes of administration for the vacoine, DNA molecule(s) according to the invention 
as disclosed supra, or one or several nucleic acid vectors) according to the invention as 
disclosed supra are: injection by needle, gene gun, encapsulated in liposomes or rubbing into the 
skin. 

Preferred are 1 to 10, more preferably 3 or 4 or 5 inoculations per aninmal, most preferred are 4 
inoculations per animal. 

The invention further relates to the use of one or several DNA molecule(s) according to the 
invention as disclosed supra or one or several nucleic acid vector(s) according to the invention as 
disclosed supra in the manufacture of a vaccine for the prophylaxis and treatment of EAV 
infections. Preferred is the use of DNA molecule(s) or nucleic acid vectors) according to the 
invention as disclosed supra in the manufacture of a vaccine suitable for intraepidennal, 
intradermal or intramuscular administration for the prophylaxis and treatment of EAV infections. 

More preferred is the use of DNA moleeule(s) or nucleic acid vectors) according to the 
invention as disclosed supra in the manufacture of a vaccine suitable for intraepidermal or 
intradermal administration for the prophylaxis and treatment of EAV infections, wherein the 
vaccine is to be administered on day 0 (basic vaccinatum), 2 weeks therafter, 4 weeks after the 
basic vaccination and 7 weeks after the basic vaccination. This is exemplified in example 2. 

More preferred is the use of DNA molecule(s) or nucleic acid vectors) or expression vector 
according to the invention as disclosed supra in the manufacture of a vaccine suitable for 
intraepidermal or intradermal administration for the prophylaxis and treatment of EAV 
infections, wherein the vaccine comprises 0.5 ug of individual nucleic acid vector or preferred 
expression vector and preferably for 10 shots per animal, i.e. 5ug of individual nucleic acid 
vector (or preferred expression vector) per vaccination, e.g. if seven nucleic acid vectors (or 
preferred expression vectors) are used, 35 ug per vaccination and animal (see example 2). 
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Preferred is the use of DNA molecule(s) or nucleic acid vector(s) or expression vector according 
to the invention comprising 0.05 fig - 10 \ig s preferred 0.1 |*g - 1 fig, most preferred 0.5 Hg. 
Further preferred dose ranges are: low range 0,1-1.0 ng, most preferred 0.5 jig, middle range 
1.1-10 fig, most preferred 15 ng, high range 1 lng-20fig, most preferred 15ng. The artisan knows 
j the criteria for the ideal dose which depends on the chosen route of administration, i.e. with gene 
gun the vaccine is injected directly into Langerhans cells, thus very little of antigen gets lost, 
whereas i.m. injection requires much higher doses. 

Again, preferred vaccination schemes are: 
io 1) only one base immunization without booster; or 

2) base immunization, 1 st boost after 8-12 weeks; or 

3) base immunization, 1 st boost after 8-12 weeks, 2 n<1 boost after 12 months. 

Said vaccine, DNA molecule(s) according to the invention as disclosed supra, or one or several 
m nucleic acid vectors) according to the invention as disolosed supra may be administered by any 
known route of administration: preferably orally, intravenously (i.v,), intradennally, 
intraepidermally (by nibbing into the skin), intranasally, vaginally, subcutaneously (s.c), 
intramuscular (i.m.)- 

jp Preferred modes of administration for the vaccine, DNA molecule(s) according to the invention 
as disclosed supra, or one or several nucleic acid vectors) according to the invention as 
disclosed supra are: injection by needle, gene gun, encapsulated in liposomes or rubbing into the 
skin. 

& Preferred are 1 to 10, more preferably 3 or 4 or 5 administrations per aninmal, most preferred are 
4 administrations per animal, 

More preferred is the use of DNA molecule(s) or nucleic acid vectors) according to the 
invention as disclosed supra in the manufacture of a vaccine suitable for intraepiderraal or 
jo intradermal administration for the prophylaxis and treatment of EAV infections, wherein the 
vaccine is to be administered on day 0 (basic vaccination), 2 weeks therafter, 4 weeks after the 
basic vaccination and 7 weeks after the basic vaccination. This is exemplified in example 2. 
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Preferred is the use of DNA molecule(s) or nucleic acid vectors) or expression vector according 
to the invention comprising 0.05 ug - 10 jig, preferred O.lug - 1 ug, most preferred 0.5 pg. 
Further preferred dose ranges are: low range 0.1-1.0 ug, most preferred 0.5 ug, middle range 
1.1-10 ug, most preferred 15 ug, high range llpg-20ug, most preferred 15pg. The artisan knows 
the criteria for the ideal dose which depends on the chosen route of administration. 

Again, preferred vaccination schemes are: 

1) only one base immunkation without boosterjor 

2) base immunization, 1 st boost after 8-12 weeks; or 

3) base immunization, l" boost after 8-12 weeks, 2 nd boost after 12 months. 



Said vaccine, DNA molecule(s) according to the invention as disclosed supra, or one or several 
nucleic acid vector(s) according to the invention as disclosed supra may be administered by any 
known route of administration: preferably orally, intravenously (i.v.), intradermally, 
» intraepidermally (by rubbing into the skin), intranasally, vaginally, subcutaneoualy (s.c), 
intramuscular (i.m.)- 

Preferred modes of administration for the vaccine, DNA moleoule(8) according to the invention 
as disclosed supra, or one or several nucleic acid vectors) according to the invention as 
* disclosed supra are: injection by needle, gene gun, encapsulated in liposomes or rubbing into the 
skin. 

Preferred are 1 to 10, more preferably 3 or 4 or 5 administrations per aninmal, most preferred are 
4 administrations per animal. 

u 

Also more preferred is the use of DNA molecule(s) or nucleic acid vector(s) or expression vector 
according to the invention as disclosed supra in the manufacture of a vaccine suitable for 
intramuscular administration for the prophylaxis and treatment of EAV infections, wherein the 
vaccine comprises 50 ug of individual nucleic acid vector or preferred expression vector and 
» preferably for 4 shots per animal, i.e. 200 ug of individual nucleic acid vector (or preferred 
expression vector) per vaccination, e.g. if seven nucleic acid vectors (or preferred expression 
vectors) are used, 1 ,4 mg per vaccination and animal (see example 2). 
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] Also preferred is use of DNA molecule(s) or nucleic acid vector(s) or expression vector 

• according to the invention as disclosed supra comprising: low range 10-100 pg, most preferred 

i 50 pg, middle range 101-500 pg, most preferred 200 pg, high range 501pg-2000pg, most 

| preferred lOOOpg, Again, the artisan knows the criteria for the ideal dose which depends on the 

j * ohosen route of adnunistration, i.e. with gene gun the vaccine is injected directly into Langerhans 

j cells, thus very little of antigen gets lost, whereas i.m. injection requires much higher doses. 
I 

I Again, preferred vaccination schemes are: 

! 1) only one base immunization without booster;or 

| io 2) base immunization, l" boost after 8-12 weeks; or 

{ 3) base immunization, I s1 boost after 8-12 weeks, 2 nd boost after 12 months. 

Said vaccine, DNA molecule(s) according to the invention as disclosed supra, or one or several 
nucleic acid vectors) according to the invention as disclosed supra may be administered by any 
is known route of administration: preferably orally, intravenously (i.v.), intradermally, 
intraepidennally (by rubbing into the skin), intranasally, vaginally, subcutaneously (s.c), 
j intramuscular (i.m.). 

Preferred modes of administration for the vaccine, DNA molecule(s) according to the invention 
» as- disclosed supra, or one or several nucleic acid vector(s) according to the invention as 
disclosed supra are: injection by needle, gene gun, encapsulated in liposomes or nibbing into the 
skin. 

Preferred are 1 to 10, more preferably 3 or 4 or 5 administrations per aninmal, most preferred are 
» 4 administrations per animal. 

The invention also relates to the a kit of parts comprising a vaccine composition according to the 
invention as disclosed supra or one or several EAV ORF DNA molecule(s) according to the 
invention as disclosed supra or one or several nucleic acid vectors) according to the invention as 
u disclosed supra. Said kit is ready-to-use for vaccination of horses. Said kit may further contain, 
but is not limited to test tubes, other suitable containers, washing reagents and reaction buffers 
(which may vary in pH and magnesium concentrations), sterile water, liposomal, preparations, 
transfection reagent such as DOTAP Liposomal (Roche) or Lipofectin, BME (Eagle's basal 
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medium), ethanol, gold, spermidine, CaCl 2 , carrier proteins and further compounds known to the 
skilled artisan. 

The following examples serve to further illustrate the present invention; but the same should not 
5 he construed as limiting the scope of the invention disclosed herein. 

Example 1 Neutralization tests 

MATERIALS AND METHODS 

,o Viruses and cells 

The equine arteritis virus (EAV) used in mis study was kindly provided by Professor H. Ludwig, 
Berlin and propagated on rabbit kidney cells (RK13, ATCC number CCL-37). The cell cultures 
were obtained from the American Type Culture Collection and propagated in Basal Medium 
Eagle (BME) supplemented with 10% fetal calf serum, 100 IE/ penicillin G, 100 IE /ml 
„ streptomycin. Medium and serum were purchased from GibcoBRL (Eggenstein, Germany). 

Production of EAV-specific aqtisera 

Antiserum against EAV was induced in New Zealand white rabbit. The animal wa6 
inoculated subcutaneously with 0.5 ml purified EAV. Inoculation was repeated for four times. 
» The experimental protocol is summarized in Table 1. The sensitivity of rabbit antisera was 
determined by western blot analysis. It was found that the rabbit antiserum raised against EAV is 
able to recognize viral specific protein at the dilution of about 1 :2000 and higher. 



Preparation of viral RNA 

a Virion RNA and total infected cell RNA was prepared from EAV-infected RK13 cell cultures at 
12, 24, 36, and 48 h p,i. using a guanidinium iso-thiocyanate/cesiumchloridq procedure based on 
the method described by GUsin et al. (1974). Infected cells or virions from clarified infected cell 
culture supematants were dissolved in a 4.0 M guanidinium thiocyanate (GTC) solution. Cellular 
DNA in the infected cell preparation was sheared by repeatedly passing the solution through a 

» 23-gauge needle. CsCi and sarcosyl (30% aqueous solution) were added to the GTC preparation 
to final concentrations of 0.15 g/ml and 3.0%, respectively. In volumes of 8 ml the preparation 
was transferred onto a 3 ml 5.7 M CsCl cushion and centrifuged at 29,000 rpm in a Beckman 
SW41 rotor for 24 h at 20°C The supernatant was discarded and the KNA pellet was dissolved 
in RNase free H 2 0 to a final concentration of about 10 ug/nil. RNA preparations were stored at - 
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20°C in 80% ethanol containing 100 mM sodium acetate. As an alternative total RNA of EAV- 
infected cells was prepared using the RNeasy Mini Kit (Qiagen, Hilden, Germany) according to 
the instruction? of the manufacturer. 

j First-strand cDNA Synthesis 

For each first-strand cDNA synthesis reaction approximately 0.5 of purified RNA were 
pelleted and dissolved in 10 *il RNase free H 2 0 containing 20 U RNase inhibitor (Takara Shuzo 
Co., Ltd., Shiga, Japan). The reaction was prepared in 20 fil volumes using enzymes and reagents 
from the RNA LA PCR Kit Ver.1,1 (Takara Shuzo Co,, Ltd;, Shiga. Japan) according to the 

jo instructions of the manufacturer. The reaction included 5 mM MgCk, 1 mM of each dNTP, 10 
pmol of a specific reverse oligonucleotide primer, and 5 U AMV reverse transcriptase XL. The 
reaction was incubated in an automated temperature cycling reactor (Genius, Techne, Cambridge, 
UK) for 2 min at 60°C followed by 15 min at 50°C. Then the temperature was gradually lowered 
to 42°C at a speed of l°C/min. As a final step the reaction was incubated for 2 min at 80°C and 

m rapidly cooled to 4°C. RNase free H 2 0 was added to the reaction products to obtain a final 
volume of 100 fiL The first-strand cDNA stocks were stored at -20°C. 
Oligonucleoti des and polvpnpra^ chain r^fjnp (PCp) ... 
Specific oligonucleotides were synthesized with an Oligo 1000M DNA Synthesizer (Beckman 
Instruments GmbH, Munchen, Germany). The properties of the individual oligonucleotides 

io primers are summarized in Table 2. Polymerase chain reaction (PCR) was performed in 100 (4.1 
volumes using TaKaRa LA Tag DNA polymerase (supplied with reaction buffer, Takara Shuzo 
Co., lid., Shiga, Japan). Each reaction contained 1,5-2.5 mM MgCl 2 , 12.5 nmol of each dNTP 
(Boehringer Mannheim Biochejnica, Mannheim, Germany), 50 pmol of each oligonucleotide 
primer, and I \il of a first-strand cDNA stock solution (aee above). An improved PCR protocol 

3s was developed based on a combination of commonly used hot-start and touch-down procedures. 
Briefly, before adding the dNTP mixture and the DNA polymerase the samples were preheated 
for 5 min at 94°C and rapidly cooled to 4°C, Then dNTPa and DNA polymerase were added at 
4°C and the reaction tubes were directly transferred to a preheated temperature cycling reactor 
(Genius, Techne, Cambridge, UK) at 94°C. PCR reactions were incubated for 35 cycles under 

w cycling conditions of 94°C for 30 sec, 70-56°C for I min (starting at 70°C and decreasing by 
0.4°C per cycle), and 72°C for 1-5 min, depending on the size of the expected PCR product. As a 
final step the reaction mixture was incubated for 7 min at 72°C. Reaction products were analyzed 
by polyacrylamide slab gel electrophoresis and ethidium bromide staining. 
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Molecular cloning of viral cDNA and p reparation of nlasmid DNA 

PCR products representing BAV-specific cDNA sequences were subjected to restriction 
endonuclease treatment and restriction fragments were purified using preparative low melting 
point agarose gel electrophoresis. Specific DNA bands were extracted from the gel by a hot 
phenol procedure Mowed by gel filtration. Restricted and purified EAV cDNA was inserted 
into one of the following mammalian expression vectors: pCR3.1. poDNA3.1, pcDNA3.1/His, 
pDisplay (Invitrogen). Vector piasmids were prepared using restriction endonucleases and 
purified as described above. In addition, restricted vector DNA was dephosphorylated using calf 
intestine phosphatase (OP). Ligation of specific EAV cDNA fragments with expression vector 
DNA was performed as described previously (Rosen^Wolff et al, 1991). The resulting 
recombinant plasmid constructs are listed in Table 2. The specificity of the reaction products was 
confirmed by nucleotide sequence analysis of the insert and flanking vector regions. 

Nucleotide sequence analysis 

PCR products were treated with 1 vol phenolxhloroform ( 5: 1) and precipitated with 3 vol 95% 
ethanol containing 100 mM sodium acetate. The DNA was then washed with 70% ethanol and 
dissolved in bidestiUed water to a final concentration of 20 ng/ul. Plasmid DNA was prepared 
using the Qiagen tiplOO Kit (Qiagen, Hilden, Germany)' according to the instructions of the 
manufacturer. Purified DNA was adjusted in H 2 0 to a final concentration of 1 ug/ul. Purified 
DNA was automatically sequenced with a 373A "Extended" DNA sequencer using the BigDye 
Terminator-^ cycle sequencing technique (Applied Biosystems GmbH, Weiterstadt, 
Germany). Each sequencing reaction was performed in a volume of 20 ul containing 100 ng of a 
PCR product or 0.5 jig of plasmid DNA, 50 pmol of the sequencing primer, and 5 ul of the 
BigDye Terminator reaction mixture. The cycle sequencing reaction was incubated for 28 cycles 
in an automated temperature cycling reactor (GeneE, Techne, Cambridge, UK) under cycling 
conditions of 96°C for 30 sec and 60°C for 4 min per cycle. The samples were prepared for 
electrophoresis as described by the manufacturer. The electrophoresis of the samples was carried 
out on a 36-well 48-cm WTR (well to read) polyacrylamide gel. The nucleotide sequences 
obtained from individual sequencing reactions were assembled using the Sequence Navigator 
software (version 2.1, Applied Biosystems GmbH, Weiterstadt, Germany). Nucleotide and amino 
acid sequences were compared to current GenBank, EMBL. and SwissProt database sequence 
entries using the BLAST service of the National Center for Biotechnology Information (National 
Library of Medicine, Bethesda, MD, USA). Physico-chemical properties of proteins were 
determined and conserved sequence motifs were identified with the PHYSCHEM and PROSITE 
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programs included in the PC/Gene software (release 6.85, A. Bairoch, University of Geneva, 
Switzerland). The ClustalX program (version 1.64b) (Thompson et ah, 1997) was used to 
generate multiple sequence alignments. .., \ . - 

i Preparation of viral RNA and Northern blot analysis 

Total cellular RNA was isolated at different times after infection using the guanidium/cesium 
chloride method as described previously (Rfisen-Woiff et aL 1988, 1989; R6sen- Wolff and 
Darai t 1991). The northern blot analyses of these RNAs were carried out using formaldehyde 
agarose gel (1%) electrophoresis as described elsewhere (Rosen-Wolff flfcl988 s 1989; Rasen- 
io Wolff and Darai, 1991). 

DNA vaccination of animals 

The immunogenic potential of the EAV translation units were investigated in vivo using 
BALB/c mice that were administered with DNA of the constructed expression vectors harboring 

is and expressing the cDNA of the individual ORFs of EAV. The BALB/c mice^were injected with 
about 100 wg/DNA diluted in 100 nl PBS. The DNA was injected subcutaniqusly.and into the 
tibialis cranialis muscle (Musculus. gastrocnemius) and with a 27 gauge heedle. The mice were 
boosted 3 to 5 times with the same quantities of DNA and under the same conditions at about 
two week intervals. Control mice received the same amount of parental expression vectors vi& v 

» an identical route and frequency. 

Neutralization test - 
Neutralization tests were carried out by diluting EAV-specific mouse or rabbit ^sera with PBS 
( 1 :2 to 1 : 1 024) in a Falcon microtiter plate. Serum dilutions (SO fil) were mixed with 100 TCID50 

a of EAV (50 ^1). The serum-virus mixture was incubated in a 5% C0 2 -air atmosphere at 37°C for 
2 h. Subsequently, 5 x 10 3 RK13 cells in suspension were added to each sample of the serum- 
virus mixture. After 12 h the infected cultures were overlayed with BME containing 10% FCS 
and 0.5% carboxymethyicellulose. Then the cultures were incubated for 3-4 days at 37°C in a 5% 
C0 2 -air atmosphere. Titers of infectious units were determined after staining with 1% crystal 

30 violet. 

Immunoblot analysis 

Confluent monolayers of cell$ were harvested by scraping the cells from the culture well, 
petri dishes, and/or flasks after being washed three timep with PBS (pH 7.2). The final cell pellet 
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was resuspended in distilled water. Protein concentration was measured under the standard 
method (Bradford, 1976). Samples were dissolved in an equal volume of lysis buffer (0.01 M 
Tris HC1, 10% glycerol, 2% SDS, 5% p-memaptoethauol, 0.1% (w/v) bromophenol blue, pH 8), 
heated for five minutes at 95°C, and subjected to SDS-PAGE according to the method of 

s Laemmli (1970). Proteins derived from infected and transfectant cells, as well as recombinant N 
protein were separated by SDS-PAGE and electroblotted onto nitrocellulose filters using semi- 
dry electroblotting chambers (Renner, Dannstadt, Germany). Transfer efficiency was monitored 
by Ponceau staining (Sigma, Munich, Germany). Filters were blocked for 1 h and incubated with 
a 1:1000 and 1:2000 dilution of the rabbit antisera mentioned above. Alkaline .phosphatase 

io conjugated antibodies (anti rabbit or mouse Ig-AP, Boehringer Mannheim, Germany) were used 
to detect interaction of the rabbit or mouse antiserum with EAV protein. 

Immunofluorescence assay 

Indirect Immunofluorescence assay was performed essentially as described earlier 

i5 (Welzel et a/.,l998). Briefly, RK13. cell lines were seeded on tissue chamber slides (Nunc Inc., 
Naperville, USA). The monolayer cell culture were infected with EAV at the MOI of 2 PFU/cell 
and 48 h after infection the cells were fixed with acetone-methanol and the slides were stored at 
-20°C. Fluorescein isothioeyanate (FITC)-conjugated anti-rabbit or mice IgG (F(ab')2 fragment 
iifimunoglobulin (Boehringer, Mannheim, FRG) was used as second antibody. In addition; 

jp rhodamine B-isothiocyanate (Merck, Darmstadt, Gennany) was used at a final concentration of 
10 ng/jil for counterstaining of the cells, together with the second antibody. 

Enzvme link ed immunosorbent assay (ELISA) 

Polysoip F8 Microtiter Plates (Nunc, Wiesbaden, Deutschland) were coated with 50yl EAV 
Protein (EAV+Host (RK13)) at a concentration of 2 jig x ml' 1 in PBS (+ 0.05% N 3 Na) over night 
at room temperature, followed by three cycles of washing with H2O and then poatcoated with 300 
1*1 Blocking Buffer (0.017 M Na 2 B 4 07 x 10 H 2 Q, 0.12 M N* CI, 0.05 % Tween 20, 1 mM 
EDTA, 5 % BSA, 0.05 % NaN 3 ) for 3h at 28°C followed by three cycles of washing wife H 2 0. 
For the assay, the following reagents were successively used: rabbit anti EAV serum at a 
io reciprocal dilution up to 16000 or mouse anti EAV serum at a reciprocal dilution up to 800, The 
dilutions were made in Sample buffer POD (DADE Behring, Marburg, Deutschland). After three 
cycles of washing with 300 jjd/well, horse-radish peroxidase labeled rabbit-anti IgG second 
antibody or the horse-radish peroxidase labeled mouse-anti IgG second antibody (Boehringer, 
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Mannheim, Deutschland) at a predetermined optimum dilution of 1:3000 each was added, The 
dilutions were made in Blocking buffer. Incubation steps were done for lh at 28°C, each 
followed by three cycles of washing with 300 jul/well Washing Buffer (DADE Behring, Marburg, 
Deutschland). Color was developed by adding 200 fil/well of freshly prepared Buffer/Substrate 
s TMB and Chromogen TMB (10:1) (DADE Behring, Marburg, Deutschland). The assay was 
stopped after 30 min by the addition of 50 jil/well Stopping Solution POD (DADE Behring, 
Marburg, Deutschland) and read according to standard procedures at 450 nm on an automatic 
BLISA reader (MR5000, DYNATECH, Denkendorf, Deutschland). 

to Lymphocyte activation assay 

A Lymphocyte activation assay for the eventual use of the cellular response of the immunized 
mice was established. BALB/c mouse, female, anti-mouse CD3e (500A2, PharMingen, Cat. No. 
0151 ID), anti-mouse CD69 (H1.2F3, PharMingen, Cat. No. 01505B), ' ■ : 
Geys buffer (140 mM NH4CI, 2.7 mM KCI, 6.5 pM Na2HP0 4l L5 mM KflfePO^ 0.7 mM CaCl 2 . 

« 0.5 mM MgCl 2 ), FACS buffer (PBS, 2% FCS, 0,01% NaNa), Polystyrene round bottom tubes 
(Falcon, Becton Dickinson, Cat. No. 2052), an4 six well plate (TPP, Cat N6. 9206) were used. 
a The mesurement of the samples was performed using FACScan (Becton Dickinson), five 
measurable parameters: three high performance secondary photomultiplier with bandpass filter: 
530 nm for fluorescein isotbiocyanate (FITC), 585 nm for phycoerythrin (PE) and 650 nm (red 

jb fluorescence), forward and side scatter. 

One mouse was killed, splenectomy was performed and spleen was in a sterile tube with lx 
BME medium. Spleen was passed through a sterile homogeniser for intact spleen cell separation. 
The homogeniser was washed with lx BME medium. The solution was centrifuged for 3 min 
with 1500 xpm. The pellet was dissolved ip 1.5 ml Geys buffer. After tjiat the solution was 

zs centrifuged for 3 min with 1500 ipm. The pellet was dissolved in 9 ml BME medium with 10% 
FCS. One 6 well plate was filled with 1 ml lx BME medium with 10% FCS, in 3 wells of the 
plate additional 1 jag/ml anti-mouse CD3e was added.' 1.5 ml cell solution was added to each 
well. The 6 well plate was incubated at 37°C, 5% C0 2 for three <Jays. Solution with activated and 
not activated cells were each divided in four Polystyrene round bottom tubes. The tubes were 

jo filled with FACS buffer and centrifuged for 3 min with 1500 rpm. The supernatant was discarded 
and the pellet was resuspended in two of four tubes with 100f4 anti-mouse CD3e (1:100 diluted 
in FACS buffer) and incubated for 30 minutes at 4°C. For double fluorescence the cells were 
centrifuged for 3 rain with 1500 rpm, the pejlet was resuspended with 100^1 anti-mouse CD69 
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(1:100 diluted in FACS buffer) and incubated for 30 minutes at 4°C again. The cells were 
centrifuged for 3 min with 1500 rpm, the pellet was resuspended in 2 ml FACS buffer, 
centrifuged again for 3 min with 1500 rpm, and resuspended in 500 ul FACS buffer each, 
vortexed and measured in the FACScan. 

Computer-assisted senuence analysis 

Nucleotide sequences were compiled using the ABJ sequence navigator software version 1.2. 
Nucleotide and amino acid sequences were analyzed using the PC/GENE program release 6.85 
(InteUigenetics Inc. Mountain View, California, U.S.A.) and OMIGA program release 11.3 
(Oxford Molecular Group Ltd., Oxford, UK). 

RESULTS 

Establishment of a cell cultu re system for virus propagation, isolation of virus particles,, and 

ay fraction of viral RNA 

The equine arteritis virus (BAV) used in this study was grown and propagated on rabbit kidney 
cells (RK-13). Virions ofEAV were prepared, purified, and the viral RNA was extracted. 

• i " , 

Generation of specific rab bit antisera against whole virus 

In order to specifically detect viral gene products by serological assays a polyclonal 
hyperimmune rabbit antiserum was raised against complete EAV virion components in New 
Zealand white rabbits. The protocol of the immunization experiment is given in Table I . The titer 
of the antiserum was found to be >1 :2000 as determined by Western Blot analysis. 

Generation of rahhit antisera a^inst synthetic polypeptides 

The biophysical analysis of the nucleocapsld protein (ORF 7) of EAV indicated that a strong 
antigenic domain was located within the first 38 amino acids of the ORF 7 gene product. In order 
to investigate the immunogenic potential of the N-terrainus of the viral nucleocapsid protein a 
synthetic polypeptide corresponding to amino acid residues 1-38 was synthesized and linked to 
keyhole limpet hemocyanine (KLH) and used to raise polyclonal monospecific antiserum in 
rabbits. The antiserum was found to detect specific EAV gene product in Western Blot assay at a 
dilution of 1:200. 
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Amplification of viral genes by RT-PCR and molecular cloning of viral genes in exp ression 
vectors 

The EAV genome consists of about 12.287 nucleotides with a short 3 'poly- (A) tail. For 
molecular cloning of the viral genome specific oligonucleotides were synthesized (Table 2) and 
j purified viral RNA was used in 3'-RACE experiments to generate a cDNA bank from the 
genomic RNA including cDNA of viral mRNA transcripts. The amplified cDNA fragments 
include the viral open reading frames (ORFs) 2 to 7, which encode the small glycoprotein, 
nonstructural proteins, large glycoprotein, membrane protein, and nucleocapsid protein, 
respectively (Table 3). The viral genes were molecularly cloned into a suitable expression vector 
,o (pCR3J t pDisplay. and pcDNA3J/His A, B, C; Inyitrogen). The identity of the cDNA of the 
individual viral ORFs was confirmed by nucleotide sequence analysis. The properties of the 
constructed mammalian expression vectors harboring and expressing EAV-specific cDNA of the 
individual viral translation units are summarized in Table 3. 

As an additional goal for the development of efficient EAV DNA vaccines in future it is 
n envisaged to construct expression vectors harboring and expressing overlapping or full-length 
viral cDNA. An expression library of cloned high molecular weight viral cDNA was constructed 
spanning the entire viral genome. Using optimised long-range RT-PCR protocols a number of 
overlapping viral cDNA fragments ranging from 2,000 to over 8,500 bp were generated. The 
identities of the RT-PCR products were confirmed by nucleotide sequence analysis. This library 
:s> is essential to establish full-length cDNA clones expressing the entity of viral antigens 
simultaneously in in vivo and in vitro when necessary. The properties of the individual RT-PCR 
products are summarized in Table 4. 

DNA vaccination of mice with different vector constructs and evaluation of the corrc.gp nnHmp; 
.'j immune response 

DNA vaccination of mice with vector construct expressing viral OR Fs 5 and 7 
Balb/c mice were used as a model system for the evaluation of the immune responses against 
individual gene products of EAV raised by administration of recombinant plasmid DNA. The 
so capability of the expression vectors harboring and expressing EAV ORFS and ORF7 that encode 
the viral nucleocapsid protein and the viral major glycoprotein to induce immune response in the 
mouse system was investigated. The animals were inoculated subcutaneously and 
intramuscularly for five times with 100 ^ig of the particular DNA in 14-day intervals. Analysis of 
the individual mouse sera revealed that the administered DNAs of the vectors expressing both 
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viral gene products are able to induce significant immune response in mice as tested by 
neutralization test (NT). The results of these studies are summarized in Table 5 and are shown m 
Fig. 3 for ORF 5. A significant immune response was detected when the animals were 
immunized with the recombinant plasmids pCR3.1-EAV-07-BX-C3 and pCR3.1-EAV-05-C14 
harboring ORFs 7 and 5 coding for viral nucleocapsid protein and large envelope glycoprotein 
(GO, respectively. As shown in Table 5 it was found that the recombinant plasmids pCR3.l- 
EAV-07-BX-C3 are able to raise antibodies against EAV in mice (80 % immune response) as 
detected by Neutralization Test. Similar results (50-70 % immune response) were obtained in 
two independent experiments when the animals were inoculated with the recombinant plasmids 
pCR3.1-EAV-05-BX-C14 (Table 5 and Fig. 3A and B). 

In the next step of this investigation the animals were administered with the DNAs of the 
recombinant plasmids pCR3.l-EAV-07-BX-C3 and pCR3.1-EAV-05-C14 simultaneously 
under the same conditions described above. The results of this study that is in agreement with the 
corresponding results obtained .from the analysis of the gene products of the EAV ORFs 7 and 5 
(Table 5 and Fig. 3) are summarized in Table 5 and shown in Fig. 4. These data indicate that the 
native DNA of recombinant plasmids pCR3.1-EAV-07-BX-C3 (harboring ORF 7) and pCR3.1- 
EAV-05-C14 (harboring ORF 5) is able to express, the corresponding gene products (viral 
nucleocapsid protein and large envelope glycoprotein (GO) in vivo. 

The results of these studies unambiguously underline that the gene products of the EAV ORFs 7 
and 5 are suitable candidates for development of a DNA vaocine protecting an EAV infection. 

DNA vaccination of mice with vector construct e xpressing viral ORFs 5, 7, and IL-2 
m order to determine whether or not the is able to enhance the immunogenic potential of the 
gene product of the EAV ORFs 5 and 7 by DNA vacoination the following experiments were 
performed. An expression vector (pWS2ms) containing the murine H-2 expression cassette 
(kindly provided by Dr. W. Schmidt. Intercell. Vienna) was co-inoculated with two novel 
constructed recombinant plasmids P DP-EAV-07-BgS-C2 and pDP-EAV-05-Cl harboring and 
expressing the EAV ORFs 7 and 5 that encode the viral nucleocapsid protein and large envelope 
glycoprotein (GO, respectively. The construction of these expression vectors based on pDisplay 
system that is similar to pCR3.1. This system additionally allows the cell surface expression of 
inserted epitopes by fusion to an N-terminal signal peptide and a C-terminal transmembrane 
domain. Balb/c mice were inoculated subcutaneonsly and intramuscularly for four times with 100 
ug of each of the vector constructs in 14-day intervals. Under the conditions used an enhanced 
EAV-specific immune response in mice was detectable as shown in Table 5. 
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DNA vaccination of mice with vector construct expressing viral QRFs 5 and 6 

The EAV oonsists of an unglycosylated membrane protein (M, 17 kDa, gene product of ORF 6). 

It was of particular interest to proof whether or not this viral gene product can eventually 

' influence and/or enhance the immunogenic potential of the gene products of EAV ORP 5 in vivo. 
A recombinant plasmid pCR3.1-EAV-06-BE-C3 was constructed in which the translation unit of 
the EAV ORF 6 was inserted into the corresponding site of the expression vectors pCR3.1. 
Balb/c mice were inoculated with recombinant plasmids pCR3.1-EAV-06-BE-C3 and pCR3.1- 
EAV-OS-C14 under the conditions described above. The sera obtained from the Balb/c mice (pre 

to and post D>fA vaccination) were analyzed using neutralization test and the results, are given in 
Table 5 and shown in Fig. 6. A significant enhanced potential of the gene product of the EAV 
ORF 6 on the fimctional activities of the viral large envelope glycoprotein (gene product of EAV 
ORF 5) in vivo was not observed, 

DNA vaccination of mice with vector construct expressing viral QRFs 3 and 4 
is Although the functional activity of the gene products of two EAV ORFs 3 and 4 is not known, 
the eventual activity of these viral proteins in vivo was investigated. Two recombinant plasmids 
pCR3.l-EAV-03-BX.ei and pCR3.1-EAV-04-BX-C3 was constructed (Table 3) in which the 
cDNA of the EAV ORFs 3 and 4 were inserted into the corresponding site of the expression 
vector pCR3.l. The sera obtained from the Balb/c mice (pre- and post DNA-vacciriation) that 
20 were inoculated with these recombinant plasmids were analyzed using neutralization test. The 
results of these studies are summarized in Table 5 and shown in Fig. 7 and S for the gene 
products of EAV ORFs 3 and 4, respectively. No neutralizing antibodies were detected in the 
immunized Balb/c mice under the conditions used. 

2s DNA vacoination of mice with vector construct expressing EAV N-termioal hvdrophilic 
ectodomain of large envelope glycoprotein (G^ l 

Balasuriya and coworkers (1995) found that the neutralization determinants of EAV are located 
on the gene product of ORF 5 (large envelope glycoprotein) within the N-terminal ectodomain 
(amino acid positions 1-121; Balasuriya et al 9 1997). Accordingly, a novel expression vector 
so based on pcDNA3,l/His system was constructed, This vector is similar to pCR3.1, but allows the 
specific detection an4 purification of the expressed fusion proteins using N-terminal amino acid 
sequence tags. The strategy of this experiment is shown in Fig, 2. A recombinant plasmid was 
constructed and termed pC3l-HIS-EAV-05-deW2L The insert of this expression vector 
possesses the coding region of EAV ORF 5 corresponding to amino acids 1-121 of the viral large 
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envelope glycoprotein which was inserted into the corresponding sites of the parental vector 
pcDNA3.1-HIS-C (Table 5 and Fig. 2). Balb/c mice were inoculated with recombinant plasmid 
pC31-HIS-EAV-05-del-121 under the conditions described above. The sera obtained from the 
Balb/c mice (pre and poet DNA vaccination) were analyzed ueing neutralization test. As shown 
i in Table 5 and Fig. 9 it was found that the majority of the DNA vaccinated animals (90 %) 
developed a significant neutralizing antibody against EAV. 

DNA vaccination of mice with vector constructs expressing vira l membrane and glycoproteins in 
combination with IL-2 aene expression 
io As described above, it had been shown that the viral N-glycosylated major membrane protein 
(GO, the N-glycosylated minor membrane protein (Gs, 25 IcDa), and unglycosylated membrane 
protein (M, 17 kDa) are able to develop significant immune response in vivo as detected by DNA 
vaccination of Balb/c mice. Furthermore, the enhancer function of IL-2 gene expression during 
DNA vaccination is (mown. However, an intermotpcular interaction of these proteins during gene 
• is expression in vivo e.g. by DNA vaccination is not known, so far. Therefore it was of particular 
importance to proof whether or not these proteins are capable to induce an adequate immune 
response by simultaneous expression «i v/vo. 

Four recombinant plasmids pCR3,l-EAV-06pBE-C4, pCR3.1-EAV-02-BX-C5, pC3.1-EAV- 
OS-BX-C14, and pWS2ms were used. These vector constructs are able to express viral 

a membrane protein, glycoproteins G s , Gu and mice interleukin 2, respectively. Balb/c mice were 
inoculated with a DNA mixture containing the four recombinant plasmids under the standard 
conditions described above. The sera obtained from the Balb/c mice. (pre- and post DNA 
vaccination) were analyzed using neutralization test and the corresponding data are summarized 
in Table 5 and shown in Fig. 10. Under the conditions u6ed in this experiment 90% of the DNA 

is vaccinated mice developed significant immune response against EAV. 

DNA vaccination of mice with vector constru c ts expressing viral small glycoprotein and the gene 
product oftheORF 4 

The capability of the EAV small glycoprotein (Gene products of ORF 2) and the gene product of 
n ORF 4 to develop immune response in vivo was investigated by DNA vaccination of Balb/c 
mice. Two recombinant plasmids pCR3.1-EAV-02-BX-C5 and pCR3.1-EAV-04-BX-C3 were 
used. These vector constructs are able to express viral small glycoproteins Gs, and the gene 
product of EAV ORF 4, respectively. Balb/c mice were inoculated with a DNA mixture 
containing the two recombinant plasmids under the standard conditions described above. The 
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sera obtained from the Balb/c mice (pre and post DNA vaccination) were analyzed using 
neutralization test. As shown in Fig. 1 1 and Table 5, it was found that about 50% of the DNA 
vaccinated animals developed NT-titer against EAV. 

> Logistics for DNA vaccination of horses 

In addition to the objective of our studies, it was necessary to develop and establish a 
novel screening system for detection of humoral and cellular immune response in vaccinated 
horses- An enzyme linked immunosorbent assay (ELISA) and a lymphocyte activation assay 
were established as described in the session of material and methods. Furthermore, it was 

io necessary to prepare a convenient kit for vaccination of horses with the constructed expression 
vectors harboring and expressing the viral gene products of ORFs 2 to 7. 

Development of a novel Enzvme linked immunosor bent assay (ELISA1 

Polysorp F8 Microtiter Plates were coated with Protein of EAV infected RIC-13 cells at a 
a concentration of 2 ^g x ml" 1 . In this system antibodies against BAY (rabbit, mouse, and horse 
serum, etc.) can be detected. Horse-radish peroxidase labeled rabbit-anti IgG or horse-radish 
peroxidase labeled mouse-anti IgG served as second antibody. The color was developed by 
adding Buffer/Substrate TMB and Chromogen TMB and the adsoibance was determined 
according to standard procedures at 450 nm on an automatic ELISA reader (for detail see session 
» material and methods). An example of the results of this analysis is shown in Fig. 12. The viral 
antigens prepared for ELISA can be used for performance of about 20,000 ELISA assays. 

Development of a Lymphocyte activation assay 

A Lymphocyte activation assay for the eventual use of the cellular response of the immunized 
2s mice was established. BALB/c mouse, female, anti-mouse CD3e (500A2, PharMingen, Cat. No. 
0151 ID), anti-mouse CD69 (H1.2F3, PharMingen, Cat. No. 01505B), Geys buffer (140 mM 
NILfCl, 2.7 mM KC1, 6.5 mM Na 2 HP0 4 , 1.5 mM KH 2 P0 4> 0.7 mM CaCl 2 , 0.5 mM MgCl 2 ), 
FACS buffer (PBS, 2% FCS, 0.01% NaN 3 ), Polystyrene round bottom tubes (Falcon, Becton 
Dickinson, Cat. No. 2052), and six well plate (TPP, Cat. No. 9206) were used. The measurement 
so of the samples was performed using FACScan (Becton pickinson), five measurable parameters; 
three high performance secondary photo multiplier with band pass filter: 530 nm for fluorescein 
isothiocyanate (FTTC), 585 nm for phycoerythrin (PE) and 650 nm (red fluorescence), forward 
and side scatter. 
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One mouse was killed, spleenectomy was performed and spleen was transferred to a sterile tube 
with lx BME medium. Intact spleen cells were separated and were washed with lx BME 
medium, The solution was centrifuged for 3 min with 1500 rpm. The pellet was dissolved in 1.5 
ml Geys buffer. After that the solution was centrifuged for 3 min with 1 500 rpm. The pellet was 

3 dissolved in 9 ml BME medium with 10% FCS. One 6 well plate was filled with 1 ml lx BME 
medium with 10% FCS, in 3 wells of the plate additional 1 ug/ml anti-mouse CD3e was added. 
1 .5 ml cell solution was added to each well. The 6 well plate was incubated at 37°C, 5% COz for 
three days. Solutions with activated and not activated cell were each divided in four Polystyrene 
round bottom tubes. The tubes were filled with FACS buffer and centrifuged for 3 min with 1 500 

10 rpm. The supernatant was discarded and the pellet was resuspended in two of four tubes with 
lOOul anti-mouse CD3e (1:100 diluted in FACS buffer) and incubated for 30 minutes at 4°C. For 
double fluorescence the cells were centrifuged for 3 min with 1500 rpm, the pellet was 
resuspended with lOOul anti-mouse CD69 (1:100 diluted in FACS buffer) and incubated for 30 
minutes at 4°C again. The cells were centrifuged for 3 min with 1500 rpm, the pellet was 

is resuspended in 2 ml FACS buffer, centrifuged again for 3 min with 1 500 rpm, and resuspended 
in 500 ul FACS buffer each, vortexed and measured in the FACScan. 
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Table 1 : An example of experimental protocol used for production of polyclonal antibodies 
against equine arteritis virus in New Zealand white rabbit 



Date 


Treatment 


09.06.1998 


Preimm un-s erum 
10x620ul 


10.06.1998 


1 st inoculation* 

A K ml/a r* 


24.06.1998 


2 1,4 inoculation* 
0.5 ml/s.c. 


08.07.1998 


3 * inoculation* 
0,5 ml/s,c. 


22.07.1998 


4 ™ inoculation* 
0.5 ml/s.c. 

First bleeding (10 ml) 

Titer by immunoblot analysis = 1:200 


30.07.1998 


5 ^ inoculation* 
0.5 ml/s.c. 


11.08.1998 


Final bleeding (30 x 1.5 ml) 

Titer by immunoblot analyisis = >1 :2000 



Virus: Equine arteritis virus: Virion in 0.5 ml PBS, purified by sucrose gradient 

centrifugation 
Animal: New 2ealand white rabbit (ca 2 kg/female) 
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Table 2: List pf oligonucleotide primers that were used for the amplification and molecular 
cloning of equine arteritis virus cDNA. Artificial sequences containing restriction 
endonuclease recognition sites (underlined) are shown in boldface letters. 



Primer Name 


Nucleotide Sequence 


P-XbaI-EAV-05-Rl 


5 '-GGGTCTAGAGTCACCACAAAATGAATCTATGGC-3 * 


P-BamHI-EAVOS-Pl 


5 7 -GQQGQATCCTGGTACGTTGGGCTCAACQATO-3 1 


PnXbaI-EAV-07-Rl 


5 1 -GGGTCTAG ACC AC AC AGGAG AAT ATCC ACGTC-3 ' 


IT -O <4IU4a1~I}/\. V m \J / "47 1 


^^fTOnrHjATCrCGCAOTTnfiTA AP A AOPTTHTPO-I ' 

J ^vJAJVJVJVXrV AjLgV* W VJw/WJ A 1 VJ VI A /v/\V-'/\/\VJ\^ A A VJ A V/VJ-.J 


I^/VDaA-Jl/\ V m \Jj m t\, A 


^'-nonTPTArs a^tpapp Ar» a a a atha ATPTATnnr.i * 

3 ~vjvjvj iv/i /-vvj.fYVJ i ^/*.v*W*rVw/W\/\/\ 1 vJf*VrV iL>1a1 VJVJV-'".? 


P WamT-TT WAV 








P-XnaI-cAV-lJ2-Kl 


r i rinriTOT A^A/ - irir»ATr atitp at a a rr/^nTnTnr A rT a p i ♦ 


p T^«rvkTrr.T7 A\;r\i pi 


fTfrOr^O ATPPTTTO A PPI^fl A PPfrflTT A C* A TtWirTP^l * 
j -VJ VJVJ vJVI/V 1 V-» v- 4 4-1 VJr/\ w W VJ VJ/\Vy ^VJVJV>V-'/\^/\ X \J\J\j 1 V^- j 


r-ADai-tiA V -LM-K 1 


<> nftftTPT A ^ A OTA A^STA A A ATT A Pfl A OPPTPTOP AOP^* 


D DAmlJT T?A\7 P\A_1C 1 


« " fifS/W^ A TPP Or^TTTY^T A A Tfi A A A TPT A POl'V^ "X * 


r-ADai-cAY -U*Hiv 1 


ci rtrtlT^rTAnAfvPA ATAPA ATPATA^ATA A P A TPflTTYl A OPPP 1* 


r^anwil-cAV-Uo-r 1 


l • 

ci _/v^/^j/-> a Tppp a pionpr; a ps/vr a tp^PvPi a nr^p" 1 ata T . 

J MovjvjIjvjA X ALlw 1 \4ALr\J X A A v^iJvjAlJl^wiA A AVJr-J 


P'EcoRI-EAV-06-Kl 


c > nr«nn a a t^TTio a T'/^r^iT.o a a r^/^"T , /^» a ttpt a n/~* i » 

5 -\jKivjUA^4^iJvv A 1 VjUCjrlJ AO 1 AUvj 1 U A 1 1 I AvJC-i j 


"D DaimIIT UA\7 Off TJ1- 


c> _PV^PiT5P^O A TY^PTP^PiT A PPiTTPil^APTP A A PVw ATP*-'} ' 


P YKoT rAV-H^.D 1 1\ 

r-Apa i -tf a y "Uj i n 


^ 1 XrP^OfrTPT A Cr A ftTP APP A P A aAATGAATCTaTGGC-3 * 


Jr-jDanirii-iiA y -vj /-r in 


^ 1 .npirinnrs atppphp a nTrcwi t a ap a AnpTTGTpn-^ 1 


p Yi»ai r: A v H7 Din 
r - ADai^H A V -U f -K. i n 


^ * -PJnPrPrriTPT ADA PP AP A P A f»n A fr A AT ATPP A PfrTP-^ * 

J "VJVJ vJlsJVJ 4 V-_4 /VVJ/^V^V^/\V-«/\V^/VVJVI/VVJ/VrV 4 *V 4 V>V>/\V>VJ 4 V^"«> 




S 1 ^fiOft rYTPf»APOTCAPP A P AA A ATG A ATCT ATGGC-3 * 


P-EcoRl-EAV-07-Rl 


5'-GGGGAATTCCACACAGGAGAATATCCACGTC-3' 


P-EAY-05-RI 


5 -CAACTATGCCGAATTCACGGCC-3 1 


P-EAV-05-F1 


5 ' -GGCCGTGAATTCGGC ATAGTTG-3 ' 


P-BamHI-EAV-02-Fln 


S'-QGGGGGATCCATTTCTGTGATTGATGCAGCGC -3' 


P-Xb^EAV-02-Rln 


5 '^GGGGTCTAGAGGCATATTCATAACCCGTGTGCACTAC-3 ' 


P-BamHI-EAV-03-Fln 


5 '-GGGGGGATCCTTTGACCGGACCGGCC AC ATGGGTC-3 ' 


P-XbaI-EAV-03-Rln 


5 '-GGGGGTCTAGAGTAAGTAAAATTACGAGCCTCTGCAGC-3 ' 


P-BaroHI-EAV-04-Fln 


5 '-GGGGGGATCGCCTTTGTAGATGAAGATCTACGGC-3 * 


P-Xbaj-EAV04-Rln 


5 •-GGGGGTCTAGAGCAATACAATCATAGATAACATCGTTGAGCCC-3 ' 
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Table 2 cominwed: 

list of oligonucleotide primers that were used for the amplification and molecular 
cloning of equine arteritis virus cDNA. Artificial sequences containing restriction 
s enddnuclease recognition sites (underlined) are shown in boldface letters. 



Primer Name 


Nucleotide Sequence 


P-Ban0n-EAV-O6-Fln 


5'^GGGGGATCCCAGCTGAGGTATGGGAGCCATAG-V 


P-EcoRI-EAV-06-Rln 


5 '-GGGGGGAATTCCATGCGCAGTAGGTCATTGTAGC-S ' 


P-SalI-EAV-05-Rln 


5 '-GGGGGGGTCGACTGGCTCCCATACCTCAGCTGC-3 ' 


P-BglE-EAV-07-Fln 


5 '-GGGGGGAGATCTATGGCGTCAAGACGATCACGTCPO-? ■ 


P-SalI-EAV-07-Rln 


5 , -aGGGGGGTCGAqCGGCCCTGCTGGAGGCGCAAC-3 ' 


P-Bpin-EAV-02-Fin 


5 '-GGGGGGAG ATCTATGCAGCGCTTTTCTTTCTCATGCO ' 


P-SalI-EAV-02-Rln _j 


5 ' -GGGGGGGTCGACCAAAATCTTGCGCCGCGGCAAAG-3 ' 


P-Bgin-EAV-06-Fln 


5 '-GGGGGGAGATCTATGGGAGCCATAGATTCATnTGTGG-S ' 


P-SftlI-EAV^>6-Rin 


S'-GGGGGGGTCGACTTGTAGCTTGTAGGCTGTCGCCG-3' 


P-EcoRI-EAV-Ol-Fln 


5 '-GGGGGGGAATTCATGGCAACCTTCTCCGCTACTGG-3 * 


P-Xbal-EAV-Ol-Rln 


5 '■GGGGGGTCTAGATCACACGGGCCCAATQACTGAACC-3 ' • • ■ 


P-AflH-TOEAV-Fl 


5 '-CCCCTTAAGTaCCATATACGGCTCACCACCATATACAC-3 ' 


P-MroI-TOEAV-Rl 


5 ' -CCCTTCCGGAGGTTCCTGGGTGGCTAATAACTACTTC-3 ' 


PR^AM-5102 


5 ' -GGGGGGATCCCAGTACTTTGGC-3 * 


PF-BAM-5Q97 


5 ' -GGGGGGATCCC AGCGAC ACCCG AGGCACG-3 * 


PR-SPH-8570 


5 '<KiGGGGCATGCTGTAGGTGGGCCATGGATCAAGTCC-3 ' 


PF-SPH-856S 


5 '-GGGGGGCATGCCACCTGGGCCAAGAAATTGACC-S * 


PR-EAV-6959-6946 


5'-GCTGGCCGCGTAATGCTGGTTGGG-3' 


PF-EAV-5946-5973 


5 ■-CCGTGCTGQATGTGAGGCCGTTACCG-3 ' 


P-EAV-GL-ECTO-F 


5 '-GGGGGGATCCATGTTATCTATGATTGTATTGCTATTC-S * 


P-EAV-GL-ECTO-R 


5 '-GGGGGGTCTAGACAACACAACTATGCCGAATTCAC'3 • 


P-ppPNA3.1/HipC-F 


5 '-ATGGTATGGCTAGCATGACTGGT-3 * 


P-pcDNA3.1/HisC-R 


5 ' -C AAACAACAGATGGCTGGC AACT-3 ' 
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Table 3: Properties of the constructed mammalian expression vectors harboring EAV-flpecific 
cDNA of the individual translations units. 



Construct Name EAV-Specific Insert 

(Nucleotide Position) 


' Expression Vector 
(Restriction Sites) 


Oligonucleotide 
Primers 


pCR3.1-EAV-02-BX 


ORF 2: small 
glycoprotein 


pCR3.1 

(BamWL 1 XbaT) 
G/GATCC / T/CTAGA 


P-BamHI-EAV-02-Fln 
P-XbaI-EAV-02-Rln 


pCR3.1-EAV-03-BX 


ORF 3 

(1028940780) 


pCR3.1 

(BamHI /.XbaT) 
G/GATCC / T/CTAGA 


P-BainHI-EAV-03-Fln 
P-XbaI-EAV-03-Rln 


pCR3.X-EAV-04-BX 


ORF 4 

(10683-11141) 


pCR3,l 

G/GATCC / T/CTAGA 


P-BamHI-EAV-04-Fln 
POCbaI-EAV-04-Rln 


pCR3.1-EAV-05-BX 


ORF 5: large 
glycoprotein 

(11129-11896) 


pCR3.1 

G/GATCC / T/CTAGA 


P-BamHI-EAV-05-Fln 
P-XbaI-EAV-05-Rln 


pDP-EAV-OS-BgS 


ORF $i large 
glycoprotein 

(11129-11896) 


PDisplay 

\pgliX / OQil) 

A/GATCT / G/TCGAC 


P-Bgin-EAV^05-Fln ' 
P^SaltEAV-05-Rln 


pCR3.1-EAV-06-BE 


ORF 6: membrane, 
protein 

(1188442372) 


pCR3.1 

G/GATCC / G/AATTC 


P-BamHI-EAV-06-Fln 
P-EcoRI-EAV-06-Rln 


pCR3.1.EAV-07-BX 


ORF 7: nucleocapsid 
protein 

(12296-12628) 


pCR3.1 

(Banim /XbaT) 
G/GATCC / T/CTAGA 


P-BamHI-EAV-07-Fln 
P-XbaI-EAV-07-Rln 


pDP-EAV-07-BgS 


ORF 7; nijcleocapsid 
protein 

(1229642628) 


PDisplay 
{BglU/Sall) 

A/GATCT / G/TCGAC 


P-BglH-EAV-07-Fln 
P-SalI-EAV-07-Rln 


pCB3.1-BlS-EAV- 
OS-del-l-121-BX 


partial ORF 5: C- 
terminal ectodomain 
of large glycoprotein 

(11129-11492) 


pcDNA3.1/HIS C 
(BaniHl /XbaT) 
G/GATCC /T/CTAGA 


P-EAV-GL-ECTO-F 
P-EAV-GL-ECTO-R 



J 
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Table 4: Properties of the equine arteritis virus specific cDNA obtained by long range RT-PCR 



PCR product 
(viral ORFs) 


Nucleotid< 
Position 


i Size of 

Viral 
cDNA 

Fragment 
bp 


Site (s) of 
Restriction 

Enzyme (s' 


Oligonucleotide 
Primers 

• 


(truncated ORF 1 a*) 




5102 


a iTfT i n rrr 

4/HI/2>awHI 
C/TTAAG/ 
G/GATCC 


P-Alin^TOEAV-Fl & 
PR^BAM-5102 


PCR-EAV-5097-8570 
(Part of ORF1 a&b*) 


5097-8570 


3473 


BqmmiSphl 
G/GATCC / 
GCATG/C 


PF-BAM-5097 & 
PR-SPH-8570 


PCR-EAV-8S6S-12687 
(Part of ORF1 b & 2-7**) 


8565-12687 


4122 


SphVMrol 
GCATG/C/ 
T/CCGGA 


PF-SPH-8565 & 
P-Mro I-TOEAV-R1 


PCR-EAV-1-8570 

(ORF 1 a & truncated lb*) 


1-8570 


8570 


C/TTAAG/ 
GCATG/C 


P-AfUI-TOEAV-Fl & 
PR-SPH-8570 


PCR-EAV-5097-12687 
(Part of orfj a* -7**) 


5097-12687 


7590 


G/GATCC / 
T/CCGGA 


PF-BAM-5097 & 
P-Mro I-TOEAV-R1 


PCR-BAV'1-6959 
(ORF1 a & part of lb*) 


1-6959 


6959 


C/TTAAG 


P-Afin-TOEAV-Fl & 
PR-EAV-6959-6946 


PCR-BAV-5948-12687 
(PartofORFlb*-7**) 


5948-12687 


6739 


T/CCGGA 


PF-EAV-5948-5973 & 
P-Mro I-TOEAV-R1 



* ORFl: ORF la: 208-5391, ORF lb: 5388-9734 nucleotides 
s *+ ORF2-7: 9807-12628 nucleotides 
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Table: 5: Summary of the mute obtained by DNA immunization of mice using different 
gene products of equine arteritis virus 



Experime 
nt 
(No. of 
animals) 


Expression Vector j 
(ORF/Gene product) 


Averi 
of NT- AT 
minim 
maxin 

PIS 


1° titer 

am/ 

mm 

PVS 


%of 
Immurt- 
response b 


MV-00- 

07/27/1998 to 
10/19/1998 


pCR3.1 


<1:10 


<1:10 


0 


01(10) 
07/27/1998 to 
10/19/1998 


pCR3.1-EAV-07-BX-C3 

(UKJb //nucieocapsiu prowiu i^rj i 


<1:10/1:10 


1:20/1:640 


80 


' MV-05- 
01(101 
08/29/1998 to 
11/11/1998 


pCR3.1-EAV-05-BX-04 

(ORF 5/large envelope glycoprotein 1 

= GiJ ~ \ 


<1:10 


1:10/1:160 


70 


MV-05- 
02(10) 

12/07/1998 to 

03/20/1999 


pCR3.1-EAV-05-BX-C14 1 
(ORF 5/ Gl) 1 


<1:10 


1:10/1:160 


50 


M5£=SZ= 
01(10) 

09/11/1998 to 

11/23/1999 


pCR3.l-EAV-05-BX.C14 (ORF 1 
7/NP) 

pCB3.1-EAV-07-BX-C3 (ORF 
S/Gt) 


<1:10 


1:10/1:80 


30/70" 


MV-57IL2- 

Ulfll 
10/26/1998 to 

01/25/1999 


pDP-EAV-OS-BgS-Cl (ORF 7/NP) 
pBP-EAV-07-BgS-C2 (ORF 5/GO 
pWS2ms(IL2) 


I <1 -.10/1:10 


1:10/1:80 


40/80' 


MV-56- 
01(10) 
12/07/1998 to 
02/08/1999 


P CR3.1-EAV-05-BX-C14 (ORF 
7/NP) 

pCR3.1-EAV-06-BE-C4 

(ORF 6/membrane protein) 


<1:10 


1:10/1:80 


20/70 c 


MV-Q3- 
01(10) 
12/21/1998 to 
03/22/1999 


pCR3.1-BAV~03-BX-Cl (ORF 3/7) 


<1:10 


<1:10/1:10 


0 


MV-04- 

MttW 
12/22/1998 to 

03/22/1999 


pCR3.l-EAV^04-BX-C3 (ORF4/?) 


<iao 


<1:10/1:20 


0 


MV-05dr 
01(10) 
12/29/1998 to 
03/22/1999 


pC3.1-HI$-EAV-05-deM21 

(amino terminus of 

large envelope glycoprotein; 

the first 121 amino acids) 


\ <1:10 


1:20/1:160 


90/1 00* 
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MV- 

no) 

02/12/1999 
04/07/1999 


pCR3.1-EAV-02-BX-C5 
(ORF 2/small glycoprotein) 
pCR34-EAV-05-BX-C14 (ORF 

S/GO 

pCR3.1-EAV-06-BE-C4 
(ORF 6/membrane protein) 
pW32mp (IL2 gene) 


<1:10/1:10 


140/1:80 


70/90 c 


MV- 

05/14/1999 
to 

07/09/ J 999 


pCR3.1-EAV-02-BX-C5 
(ORF 2/small glycoprotein) 
PCR3.1-EAV-04-BX-C3 (ORF4/?) 


<1 40/1 40 


<1 40/1:80 


40/50* 



"Neutralizing antibodies 
"Neutralizing titer 1:20 excluded 
Neutralizing titer 1:20 included 
PIS: Preimmune serum; PVS: Post vaccination serum 
j ? Protein of unknown function 
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Example 2 DNA vaccination of horses 

Preparation of a DNA vaccine kit for application in horses 

A convenient kit for vaccination of horses harboring the individual constructed recombinant 
s plasmid (10 mg DNA) expressing the viral gene products of ORFs 2 to 7 was prepared. The 
properties of the DNA vaccination kit are summarized in Table 6. 

In order to proof the ability of the expression of EAV cDNAs of ORFs 2 and 5 to 7 in the 
autologous animal system horse it was necessary to screen the horse sera prior to immunization 
trial. The selection of the suitable animals was based on the results obtained from theanalysis of 

,o the horse sera. These studies allowed detecting the existence of a previous naturally occurred 
EAV infection in horses. Five sera were obtained from Prof. Dr. H. Muller (Institut fur Virologie, 
Veterinarmedizinische Fakultat, Universitat Leipzig). The horse sera were analyzed by 
neutralization assay and ELISA as described above. The results of these experiments for sera 
obtained from Leipzig are summarized in table 7. m contrast, it was found that three horses from 

IS the animal farms of Leipzig did not developed specific antibodies against an EAV infection. 
Consequently, it seem to be rational that the animals from the later farm can be considered for 
evaluation of EAV DNA vaccine in its natural host. 

Preparation of autologou s skin fibroblasts 

mO 

Two skin biopsies were performed from each of the five horses involved in the study (Daggy, 
Frieda, Friedrich, Jessy, Nelke). Skin samples were cut into (5-8) shoes and attached to cell 
culture flasks. After a 30 min incubation at 37°C and 5% C0 2 , skin samples were cultured in 
Dulbeeco's modified eagles medium (DMEM) containing 10% fetal oalf serum (FCS), antibiotics 
« and antimycotics. Fibroblasts growing out of the skin samples were passaged twice and extended 
to 2xl0 7 cells. From each horse cells were frozen in liquid nitrogen (N2) in aliquots containing at 
least 2x10* cells. 

Several aliquots were thawed and cultured in DMEM containing 10% FCS and antibiotics to 
» verify the competence of these cells for further growth. Cells were passaged more than 20 times. 
For transfection experiments, however, cell of passage 15 and more proved to be not suitable. 



NR. 425 S. 50/65 
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Purification of plasmid DNA ' 

Plasmids were obtained from Boehringer Ingelheim (named pCR3.1-EAV-02-BX-C3), pCR3.1- 
EAV-0S-&X-C14, and pCR3.1-EAV-07-BX*C3). After selection of ampicillin resistent e.coli 
5 K12 colonies, bacterial cultures containing the different plasmids were grown to large scale. 
From each plasmid 500|a1 DNA at a concentration of LSng/^l were isolated and stored at -20*C 
for the transfection experiments, 

1 

Transfection experiments 

to 

Transfection experiments were initially performed in 12 and 24 well plates. Titration 
experiments in the 24 well plate format using cell numbers between 1.5xl0 4 and 3xl0 5 per well 
revealed that 1.25xl0 5 cells seeded in each well were almost confluent (85%) within 24 hours. 

u a) Lipofection as transfection reagents 

Titration experiments performed in a'24/well plate format using 5~20^1/well Lipofectin showed 
that amounts >15pl were, toxic to the cells. Titration experiments using different amounts (5- 
80jig/well) of DNA with 12.5 |il Lipofectin revealed that concentrations of 80|ig DNA showed 
the highest transfection efficiencies. However, the efficiency in these transfection experiments 

*> did not exceed 10%. 

b) LipofectAMINB as transfection reagent 

In order to increase the transfection efficiency, transfection experiments were performed using 
additional transfection reagents (LipofectAMINE, LipofectAMINE plus, DMRDB). Compared to 

is the results of the transfection experiments using Lipofectin. DMRIE did not result in higher 
number of transferee} cells. LipotectAMESfE showed to be more toxic to the cells, but the 
transfection efficiencies were higher. The recommdation of the supplier to use in addition to 
LipofectAMINE the *plus % reagent did not inoreaae the transfection rate. Therefore, 
LipofectAMINB seems to be the reagent of choice to transfect the cultured primary horse skin 

30 fibroblasts. 

In the initial experiments using 7.5^1 LipofectAMINE and 5\ig of DNA, about 15% of the. target 
cells were transfected. Currently transfection experiments are being performed to flirther increase 
the transfection efficiency. So far, the transfection efficiency is about 20%. 
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Isolation of peripheral blood lymphocytes 

Three weeks and one day before the initial immunisation, 50ml of heparinised blood was 
collected from each horse by jugular venipuncture. The blood was centrifiiged at 400 x g for 5 
j min and the plasma was removed. Blood calls (1 0ml) wore resuspended with phosphate buffered 
saline (PBS) to a volume of 25ml, layed on a Ficoil Hypaque gradient (15ml) and centrifuged at 
400 x g for 30rain. The PBMC were collected from the interface, washed twice in PBS, counted 
and frozen in aliquots in N2 W 10% DMSO and 90% FCS. 

To test the viability of the PBMC, cells were thawed, cultured in Isocove f s modified Eagles 
10 medium (IMEM) containing 10% FCS and antibiotics. PBMC were stimulated for two days with 
2. 5 jig/ml pookweed mitogen and cultured thereafter in the presence of 200U of human 
recombinant IL-2. PBMC showed a good proliferation, were grown to 2x1 0 6 cells/ml and were 
frozen again as aliquots in N2. 

,5 Detection of EAV-soedfic antibodies 

Serum was collected 4 months, three weeks and one day before the initial immunisation. Serum 
of the first timepoint was investigated- at the Institute of Medical Virology (Prof- Darai) in 
- Heidelberg for the presence of EAV-specific antibodies. The results are summarised in table 10. 

20 

Immunisation of thejiorses 

All five horses were immunised by intramuscular (i.m.) injection and intradermal application of 
the EAV plfismid DNA enooding (parts of) ORF 2, ORF 5. and ORF 7 using a gene gun. The 

is i.m. inoculations were applied to the musculi semimembranosus/semitendinosus/gluteus. The 
gene gun application of the DNA was performed on both sides of the jieck. The corresponding 
parts of the skin (40cm 2 ) were shaved before to enable a good DNA application using the gene 
gun. A detailed protocol of the DNA immunisation (including sedation of the horses, amount of 
DNA, adjuvants, buffers) Is provided in example 4. The hordes were investigated 24 and 48 h 

so post immunisation for local and systemic reactions, None of the animals developed fever and the 
local reactions (thickness of the skin, development and involution of papules) are summarised in 
tables 12 and 13. 
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Collection of blood and serum samples 

Peripheral blood lymphocytes, serum and plasma of the horses were taken as outlined in Table 
12. Up to date, blood and serum samples were taken three times after the 3 rd booster 
s immunization to measure the kinetics of antibody titres and activities of cytotoxic T- 
lymphocytes. 

Determination of the maximum cellular ^Cr- up take 

ip Titration experiments were perfomed using (i) constant amounts of 51 Cr with different cell- 
concentrations, and incubation times and (ii) constant incubation times with different cell- 
concentrations and amounts of 5 *Cr, * 

Target cells (5 xlO 3 , 2 x 10 4 , and 5 x 10 4 ) were labeled with 100 yCi for e^ch 90 min., 150 min., 
and 240 rain. The cellular 5, Cr-uptake as well as 5? Cr present in the culture supernatant were 
« determined. In the supematants of the labeled cultures, a linear increase of 51 Cr was measured 
(Figure 14a). The amount of cellular 51 Cr also increased with longer incubation times and higher 
numbers of cells. 

Similar result? were obtained when these experiments were performed wring constant incubation 
times with different cell concentrations and amoimts of 5l Cr (Figure 14a). The subtraction of the 
so sl Cr present in the cells and the $} Cr released into the supernatant is shown in (Figure 14b), For 
the measurement of cytotoxic T-Iymphocyte activities in the blood of the immunized horses, it 
was decided to label 5 x 10 4 target cells with 200 \xd for 240 min. 

Measurement of cytotoxic T-lymphocyte activities after the 2 nd and 3^ booster immunization 

The preparation of the target cells including transaction and 3l Cr-labeling was performed as 
described in detail in Example 3. The isolation of the peripheral blood lymphocytes, the cell 
culture in vitro as well as the restimulation of the effector cells was also performed as outlined in 
Example 3. 

jo As described above, we labeled 5 x 10 4 target cells with 200 \xd for 240 min. To avoid 
spontaneous release of 51 Cr by the cells the target ceils were kept on ice for 45 min after the first 
washing step. The effector cells were added to the cultures using effector/target cell ratios of 3; 1 , 
25:1, and 50:1- After incubation for 8 h at 37°C and 5 % CO2 culture plates were centrifuged at 
1000 RPM for 3 min and each supernatant was measured for the presence of 51 Cr in a 



NR. 425 S. 53/65 
1-1281-1 



EmPfangszeit 30. Jan. 8:39 



30. JAN. 2002 9:06 BI A PPTEKTE 6132 774377 NR. 425 S. 54/65 

Boehringer Ingelheim Vetmedica GmbH . 1-1281-1 

scintillation. Negative control culture supernatants consisted of labelled cells without the 
addition of effector ceils (spontaneous 5, Cr-release of the cells). Positive control culture 
supernatants consisted of cultures of labeled cells after cell lysis using 10 % Triton X-100 
(maximum 5l Cr-uptake), The results of the 5, Cr-release of the individual cultures including the 
i effector cells prior to immunization, two weeks after the 2 nd and two weeks after the 3 rd booster 
immunisation (see Table 11) are included as table 18. Figures 15a)- 15e) show the calculated 
specific lysis £ 0 according to Hammond S A, Issel CJ, and Mojitelaro RC (1998): General 
method for the detection and in vitro expansion of equine cytolytic T lymphocytes. J Immunol 
Method 213: 73-85. 

i9 The data sheets containing the 5l Cr-release of the individual cultures (table 18) show the relative 
small standard deviations between the four individually handled cultures of each sample. 
Compared with the earlier cytotoxic T-cell assays performed with cells after the first 
immunization and the l 3t booster immunization (see example 3), the differences between the 
negative control culture supernatants (spontaneous 5? Cr-release of the cells) and the positive 

is control culture supernatants (maximum 51 Cr-uptake by the cells) are greater in the current assay. 
In general, e measured higher percentages of the calculated specific lysis (Fig. IS). In the cultures 
containing effector cells obtained prior to immunization, however, .we also measured relatively 
high percentages of specific lysis. It would be expected to have higher amounts .of 5] Cr released 
in the supernatants when higher number of effector cells were added to the targets. The values 

so measured in the supernatants of the cultures with effector/target cell ratios of 3:1, 25:1, and 50:1, 
however, did not show such a consistence in specific lysis. Possibly, the number of antigen 
expressing target cells (approximately 20 %) are not high enough to enable the measurement of 
speicific lysis* To enlarge the number of antigen positive cells, we used in the current 
experiments 5 x 10 4 target cells. Other possible reasons for the inconsistency of specific lysis are 

2s not efficient restimulations of the effector cells in vitro or other unknown methodical details, 

St+rnmary of the measijred cytotoxic T-lymphocyte activities 

Due to the inconsistency of the measured specific lysis it is difficult to draw conclusions 
jo concerning the antigen(s) most suited for the induction of cytotoxic T-lymphocytes. In an attempt 
to give an overview of the measured specific lysis we calculated for each ORF the average value 
(X) of the specific lysis of all different effector/target cell ratios (3:1, 25:1, 50:1) and subtracted 
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the average value (Y) of the negative controls (results of the cells before immunization), which 
were calculated similarly. 

X,(3:l)+X 2 (25:l)+X 3 (50:l) Xtf:l)+Y 2 (25a)+Yi(50:l) 

> x= ; y= 

3 3 

The results show the absolute increase of the cell lysis in percent at the indicated times for each 
ORF, compared to the values obtained before immunization. 

to Two different scales were used to express the increase of specific lysis. In example 5, Table 19, 
measured lysis between 0 and 5 % is given a t (plus). In example 5, Table 20, measured lysis 
between 0 and 5 % is given a - (minus). Horse Daggy was serologically positive before 
immunization. This explains the measured specific lysis already two weeks after the first 
immunization. Horse Trieda' had a weak antibody response before the first immunization. 

is Cytotoxic T-lymphocytes directed against the expression product of ORF 2 and 7 were also 
. measured in the blood of this animal two weeks after the first immunization. The serologically 
negative animals 'Nelke 1 and J Friedrich T did not develop cytotixic T-Jymphocytes after the first 
immunization. Only in horse 'Jessy 1 , also serologically negative before immunization, cytotoxic 
T-lymphocytes directed against the expression product of ORF 7 were measured. Unfortunately, 

20 the specific lysis was not consistent at the following time points. After the 3* booster 
immunisation, however, specific lysis (> 10 %) eas measured in all animals. The activity of 
cytotoxic T-lymphocytes was directed in horse Trieda' and 'Jessy* against the expression product 
of ORF 5, in horse 'Paggy 1 and Triedrich' against the expression product of ORF 7 and in horse 
WeUce' against the expression product of ORF 7. 

2S 
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Table: 6: Content of a kit produced for DNA-vaccination of horses using expression 
vectors harboring and expressing individual gene of equine arteritis virus 



Expression vectors 

c 


Concentration 
DNA 
Jig/ul 


Total of 
plasmid DNA 
mg 


pCR3 .1-EAV-02-BX-C5 
ram* prndnct: small glycoprotein 


1 


10 


pCR3,l-EAV-03-BX-£i 

fton* nrodnct: unknown 


1 


10 


pCR3.1-EAV-04-BX-£i 

f»ene nroduct: unknown 


1 


10 


pCR3.1-EAV-05-BX-£l4 

nana n«<nHiipf« for** <*nvelnne plvconrotein 


1 


10 


pCR3 . 1-EAV-06-BE-C1 

Oan a nmrlnct: membrane orotein 


1 


10 


pCR3.1-EAV-07-BX-C3 


1 


10 


pDP-EAV-05 -o go -ki. 

fSAt,* prniliipt> large envelope glycoprotein 


1 
1 


10 


pDP-EAV-07-BgS-C2 

q*yi? pr^upt; nncleocapsit}, protein 


1 


10 


pC3. 1 -HIS-EAV-05del-121-C12Gene 
p*^..**. The N-terminal (121 aal nvdronhilic 


1 


10 


ectodomain of laree envelope elvcoprotein 
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Table; 7; 

Test of EAV specific antibodies in preiraniune serum 

The results of neutralization test (NT) and ELISA test in which the preimmune sera of 
5 horses from Leipzig were screened for existence of a humoral immune 
9 response developed during a natural infection with wild type equine 

arteritis virus (BAV) 



Horse 


Titer of serum 
NT" 


Titer of serum 
ELISA 


Remarks 


Daggi 


1:40 


1:100 


positive 


Frieda 


1:20 


1:50 


boundary 


Friedrich 


1:10 


<1:50 




Jessy 


1:10 


<1:50 




Nelke 


1:10 


<1:50 




Positive 
Control 
Serum 


l:160 b 
l:80 c 


1:200 c 


positive 
positive 



a Multiplicity of infection (MOI): 100 PFUof EAV/1000RK-13 cells/well 



io Rabbit antiserum raised against EAV 

c Horse senwn was obtained from Prof. Dr. Ludwig, Berlin 
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Table 8: 
« Duration of Immunity; 

Determination of antibody titer by neutralization test (NT) in the serum of 5 horses after DNA 
vaccination with the cDNA EAV ORF 2, 5 and 7 and cDNA encoding equine EL 2. 



Horse 


Pre- 


l.Post- 


2.Post- 


3.Post- 


4. Post- 


5. Post- 


6. Post- 




vaccine 


vaccine 


vaccine 


vaccine 


vaccine 


vaccine 


vaccine 




Serum 


Serum 


Serum 


Serum 


Serum 


Serum 


Serum 




22.5.2000 


5.6.2000 


28.7.2000 


22.9.2000 


19.1.2001 


16.3.2001 


11.5.2001 




NT-Titer 


NT- 


NT-Titer: 


NT-Titer: 


NT-Titer: 


NT : Titer: 


NT-Titer: 






Titer. 












Daggy 


1:64 


1:256 


1:256 


1:264 


1:128 


1:96 


1:16 


Frieda 


<1:2 


1:256 


1:256 


1:264 


1:64 


1:32 


1:16 


Friedrich 


<1:2 


1:64 


1:128 


1:512 


1:48 


1:32 


1:8 


Jespy 


<1:2 


1:256 


1:128 


1:128 


1:16 


1:16 


1:8 


Nelke 


1:8 


1:256 


1:256 


1:128 


1:16 


1:16 


1:16 
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Table 9: 



Immunisation schedule with the cDNA EAV ORF 2, 5 and 7 and with cDNA encoding equine IL 
2. Combined application of cpNA (in fig) V* Gene Gun (GG) and intramuscular injection (i.m.) 



Horse 


1. Basic 
immunisation: 
23Mai 2000 


1. Booster 
6.Juni 2000 


z. rsoosier 
21,Juni2000 


J % iJUVDlVl 

14Juli 2000 


Daggy 


35 ugGG+1400 
ue im 


35 ug GG + 
1400 ug i-m 


35 ugGG + 1400 
us i.m 


35 ugGG+1400 
ugi-m 


Frieda 


35 ug GG + 1400 
ugi.m 


35ugGG + 
1400 ugi.m 


35 ugGG+1400 
ug i.m 


35 ugGG+ 1400 
uei.m 


Friediich 


35 ug GG + 1400 
ue; i.m 


35 ug GG + 
1400 ug i.m 


35 ugGG+1400 
ugi.m 


35 ugGG+1400 
ugi.m 


Jessy 


35 ug GG + 1400 
UEi.m 


35 ug GG + 
1400 ugi.m 


35 ugGG + 1400 
Ug i.m 


35 ugGG + 1400 
ugi.m 


Nelke 


35 ugGG+1400 
W im 


35 Ug GG + 
1 14Q0 ug i.m 


35 ugGG+1400 
ug i.m 


35 ugGG+1400 



10 



Table 10: Age of Horses 



horses 



age (years) 



anti-EAV antibodies* 



Paggi 
Frieda 
is Jessy 
Friediich 
Nelke 



22 
16 
16 
10 
6 



♦before immunisation (10/99) 
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Table 1 1 : Sample collection and immunisation regimen 




DNA application 


collection of 
plasma samples 


isolation of PBMC* 


prae-immunisation 


n.d. 


02.03.00 


02.03.00 


prae-immunisation 


n.d. 


23.03.00 


23.03.00 


prae-immunisation 


n.d. 


22.05.00 


22,05.00 


Immunisation 


23.05.00 


05.06.00 


05.06.00 


1 . Booster 


06.06.00 


20.06.00 


20.06.00 


2, Booster 


21.06.00 


13.07.00 


13.07.00 


3. Booster 


14.07.00 


28.07.00 


28.07.00 




n.d. 


25.08.00 


25.08.00 




n.d. 


22.09.00 


22.09.00 



* peripheral blood mononuclear cells 
n.d.: not done 

s 
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Table 12 
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Table 13 
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. Example 3 Cytotoxic T-lympbocyte (CTL Assay) 
1. Immunisation of horses 

i 1.1. DNA application and observed slcin reactions 

The horses (Daggy, Frieda, Friedrich, Jessy, Neike) were immunised according to the 
immunisation regimen (Table 14) by intramuscular (i.m.) injection and intradermal gene gun 
application of EAV ORF-2, EAV ORF-5, and EAV ORF-7 expression plasmids. The i.m. 

ia inoculations were applied to the musculi semimembranosus/semitendinosus/gluteus. The gene 
gun applications of the DNA were performed on both sides of the neck. To enable an optimal 
gene gun DNA application the corresponding parts of the skin (40 cm 2 ) had been shaved before. 
The horses were investigated 24 h after the DNA applications for systemic and local reactions. 
None of the animals developed fever or local reactions such as thickening of the skin, 

» development and involution of papules. Protocols are included as Tables 12 and 13 (see above). 
Photographs of the skin areas involved were taken 24 h after DNA application. 



Table 14. Sample collection and immunisation regimen 




DNA application 


collection of 
plasma samples 


isolation of PBMC* 


Prae-immunisation 


n.d. 


02.03.00 


02.03.00 


Prae-immunisation 


n.d. 


23,03.00 


23.03.00 


Prae-immunisation 


n.d. 


22.05.00 


22.05.00 


Immunisation 


23.05.00 


05,06.00 


05.06.00 


1. Booster 


06.06.00 


20.06.00 


20.06.00 


2. Booster 


21.06.00 


13.07.00 


13.07.00 


3. Booster 


14.07.00 


28.07.00 


28.07.00 



» *peripheral blood mononuclear cells 
n.d.: not done 



1.2. Detection of EAV-specific antibodies 

Serum and plasma samples of the immunised animals were taken two/three weeks after the DNA 
applciations as outlined in Table 14, 
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2. Preparation of target cells 

2. 1 . Transfection experiments in T25 cell culture flasks 

S - 

Skin fibroblasts (1.43 x 10*) cells) were incubated at 37°C and 5 % and 5 % COi in T25 (25 cm 2 ) 
cell culture flasks using Duibecco's modified Eagles medium (DMEM) containing 10 % fetal calf 
serum (PCS) and antibiotics. Cells were transfected with 100 ug DNA of a Green Fluorescent 
Protein (GFP) expression plasmid in 1.3 ml Optiraera® (Gibco) by the addition of 87.5 pi 
,o LipofectAMINE® (Gibco). After 24 h cells were treated with trypsin and seeded in a 
concentration of 5 x 10 3 to 5 x 10 4 cells per well in 96-well-plates. About 20 % of the cells were 
transfected after 24 h of incubation at 37°C and 5 % COz as determined by immunofluorescence. 

if 2.2. Titration experiments using polyclonal EAV-specific rabbit serum (1 1 .08.98) 

Vero-cells (10 4 ) were seeded in each well of a 96-weUVpIate and grown over night (o/n) in 
DMEM culture medium containing 10 % FC9 and antibiotics at 37°C and 5 % C0 2 . The 
monolayers were subsequently infected with a 1:100 or 1:1000 diluted Vero-cell propagated 
» EAV stock (Institute of Virology, University of Leipzig). The first EAV-specific cytopathic 
effects (CPE) were observed 36 h post infection and the cultures wore immediately fixed for 30 
min with ethanol at 4°C. The 96-well-plate was stored with ethanol at -70°C 

For immunobistochemical detection of viral antigens in infected cells, cultures were rinsed for 5 
a min with phosphate buffered saline (PBS) at room rempexature (RT). In order to block 
endogenous peroxidases, cultures were incubated for 5 min with 7.5 % HjOj in methanol. Cells 
were rinsed with PBS and incubated for i h with serum dilutions (polyclonal EAV-specific rabbit 
serum from 1 1.08.98, pre-immune [rabbit #98/8] from 10.06.98 ranging from 1:100 and 1 :200 up 
to 1 :1600 in 0.05 % Tween 20-PBS. Cultures were rinsed twice with 
u 6.05 % Tween 20-PBS and once with destilled water and incubated for 1 h with a biotinylated 
anti-rabbit antibody diluted 1:750 at 37 D C. Cells were rinsed as before with Tween 20-PBS and 
destilled water and incubated for 30 min at 37 6 C with streptavidin-peroxidase (1:500 in Tween 
20-PBS). Cultures were rinsed again and the substrate AEC (14,25 ml Na-Acetat buffer 0.75 ul 
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ABC, 75 ul H 2 0 2 1:10 diluted in destilled water) was added. Even in the highest antibody 
dilution (1 : 1600) clear positive reactions were visible. 



2.3. Transfection of skin fibroblasts with EAV-specific expression plasmids 

Transfection experiments were performed similarly to the protocol described in example 2 using 
the 24.-well"plate format. Immunohistochcmical analysis using the polyclonal EAV-specific 
rabbit serum (U.08.98), diluted 1:800 in 0.05 % Tweeh 20-PBS, showed that about 20 % of the 
cells were transfected with the EAV ORF-2, EAV ORF-5, and EAV ORF-7 expression plasmids. 

2.4. Culturing of target cells prior to CTL assay 

Skin fibroblasts of the horses were cultured in Iscove's modified Eagles medium (IMEM) 
containing 10 % FCS and antibiotics. Cultures were extended to three T25 cell culture flasks and ■ 
transfected when being confluent for 80-90 % with each 100 ug of the EAV ORF-2, EAV ORF- 
5, and EAV ORF-7 expression plasmids. After 24. h, cultures were treated with trypsin; cells 
were counted and labeled in suspension with 5, Cr. 

3. Preparation of effector cells 

3.1 . Inactivation of EAV using ,37 Cs y-rays 

In order to obtain viral antigen for the ^stimulation of EAV-specific effector cells, Vero-cells 
were infected with EAV at a multiplicity of infection (moi) of 1 . After 36 h, cell cultures were 
freeze/thawed two times and the cultures were centrifuged for 5 min at 1750 x g. The supernatant 
was pelleted by centrifugation o/n at 19.000 RPM. The pellet was resuspended in 3 ml PBS and 
the protein concentration was measured using a BCA-Protein Assay® (Pierce). Aliquots of the 
samples containing 2 rag/ml were stored at -70°C. 

Samples were exposed on dry ice to ,37 Cs y-rays ranging from 1 5 Gy up to 1 k Gy. Virus titration 
on Vero-cells revealed that the infectious titre had decreased only by < logl, even after exposure 
to 1 k Gy. 
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3 .2 Inactivation of EAV using ultraviolet radiation 

Because EAV could not be inactivated by ,37 Cs y-rays, samples were exposed to ultraviolet 
i radiation (254 iun) at a distance of 5 cm for 5 min up to 80 min. Virus titration on Vero-cells 
reyealed that no infectious virus could be detected after a 5 min exposure. To completely 
inactivate EAV ip the samples used for the restimulation of the effector ceils, these samples were 
exposed for 30 min and stored aliquots containing 2 mg of protein per ml at -70°C> 

io 3,2. Culturing of effector cells prior to CTL assay 

PBMC were cultured in IMEM containing 10 % FCS and antibiotics. After stimulation for two 
days with 2.5 yg/ml pookweed mitogen, cells were cultured for two days in the presence of 20Q 
U of human recombinant JL-2 (Araensham-Phannacia). EAV-specific cytotoxic T-cells were 
« restimulated for four days with 30 ^ig/ml inactivated EAV in the presence of 100 U IL-2. 
Thereafter, cultures were extended Tor four days in the presence of 200 U of.IL-2, Cells were 
counted and used in the CTL assay. 

4. Measurement of EAV-specific cytotoxic T-cells 

30 

4. 1 . 51 Cr-labeling of target cells 

After trypsin treatment, transfected target cells were resuspended in 1.5 ml and labeled for 2 h 
with 100 f*Ci 5, Cr/10 7 cells. Cells were washed three times with oulture medium and 7.7 x 10 3 
35 cells were seeded in each well of a 96 U-bottom cell culture plate in a volume of 150 ^iL Cultures 
were incubated for 4 h at 37°C and 5 % COt to let cells adhere to the plate. 

4.2. Addition of effector cells 

so PBMC were counted and added to the cultures in 1 00 \xl volumes and effector/target cell ratios of 
3:1, 25:1, and 50:1. Cells were incubated for 8 h in a total volume of 250 jxl at 37 P C and 5 % 
CO* 



1 
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4.3. Measurement of 51 Cr release in cultures with different effector/target cell ratios 

Culture plates were centrifuged at 1000 RPM for 3 min and each supernatant was measured for 
the presence of 51 Cr in a scintillation counter for 60 sec. Negative control culture supematants 
consisted of labeled cells without the addition of effector cells (spontaneous 51 Cr release of the 
cells). Positive control culture supematants consisted of cultures of labeled ceils after cell lysis 
using 10 % Triton X-100 (maximum 5, Cr uptake). The results of the 51 Cr release of the 
individual cultures including the effector cells prior to immunisation, two weeks after the 2nd 
immunisation, and two weeks after the 3 rd booster immunisation (Table 14) are included s. table 
18. Figures 9a-e) show the calculated specific lysis £ 0 according to Hammond SA, Issel CJ, and 
Montelaro RC (1998): General method for the detection and in vitro expansion of equine 
cytolytic T lymphocytes. J. Immunol Methods 213: 73-85. 

The data sheets of the 5l Cr release of the individual cultures show a relative small difference 
between the negative control culture supematants (spontaneous 51 Cr release of the cells) and the. 
positive control culture supematants (Maximum 51 Cr uptake by the cells). The specific lysis is 
therefore difficult to measure, even if the standard deviations between the four individually 
handled cultures of each sample are small (Table 18). 

Example 4 DNA-Vaccinatian of horses 

1 . Schedule for DNA for Vaccination of horses 

May 23, 2000 l 81 immunization day 0 

June 6,2000 2 n< * immunization day 14 

June 21, 2000 3* immunization day 29 

July 14,2000 4 th immunization day 51 

2. Strategy and preparation of DNA for Vaccination 

2,1 . Application of DNA using Helios Gene Gun System (BIO-RAD): 

2.1.1. Number of shots per animal and per vaccination: 10 

2.1.2. Total DNA per shot: 3.5 *ig 
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2.1.3, Number of expression vectors used: 7 (the properties and source of the DNA used for 
vaccination are summarized in Table 15) 

pCR3.1-EAV-02-BX-C5 5. pCR3.1-EAV-07-BX-C3 

pCR3.1-EAV-05-BX-C14 6. pPP-EAV-07-BgS^C2 

pDP-EAV-05-BgS-Cl 7. pCR3.1-Horse~IL2 
pCR3.l-HIS-EAV-05del-121-C12 



1. 

5 2. 
3. 

1 



to 2. 1 A. DNA of individual expression vector per shot: 0.5 fig <= 500 ng 

2.1 .5. Total DNA of individual expression vector per animal and per vaccination: 5 fig 

2.1.6. Total DNA per vaccination per animal: 7 x 5 - 3 5 fig 

2.1.7. Number of animals: 5 

2.1.8. Total DNA of individual expression vector per vaccination: 5 x 35 = 1 75 fig 
m 2,1.9. Nuipber .of vaccination: 4 

24 .10. Total DNA of individual expression vector administered: 1 75 x 4 = 700 fig 

2.2. Application of DNA through intramuscular route. 

2.2,1. Number of inoculations per animal and per vaccination: 4 
jp 2.2.2. DNA of individual expression vector per inoculation: 50 fig 

2.2.3. Total DNA of individual expression vector per animal and per vaccination: 50 x 4 K200 
Kg 

2.2.4. Number of expression vectors used: 7 (see Table 15) 

2.2.5. Total DNA per vaccination per animal: 7 x 200= 1 .4 mg 
« 2.2.6. Number of animals: 5 

2.2.7. Total DNA of expression vector administered: 5 xl.4 a 7.0mg 

2.2.8. Number of vaccination: 4 

2.2.9. Total DNA of individual expression vector administered: 200 x 5 x 4 = 4 mg 

2.2.10. Transfection reagent: 

» DOTAP Liposomal (Roche; Cat,# 1 8 1 11 77) 50 pg/ml BME (3 ml/animal) 

Buffer I containing DNA (yellow cup tube) 
Lipofectin (Life Technology; Cat.# 18292-01 1) 50 fig/ml BME (3 ml/animal) 
Buffer II (white cup tube) add to DNA prior to application 
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Table: 15: Properties of the cDNA used for the undividual DNA-vaccination 
of horses 



Expression vectors 


DNA used per vaccination by 
ug/horse 




Gene GUN 


Classical i.m. 


PCR34-EAV*02^BX-C£. (Ifig/fil)* 
l.clone/5. Passage 16.06.1999 
npne product*, small elvcoDrotein 


S 


200 


l.clone/6. Passage 17,06.1999 
Gene product: unknown 






l.clone/6. Passage 18.06.1999 
fi*ne product: unknown 


- 




pCR3 . 1 -EAV-05-BX-C14, (lfi^l) 
l.clone/5. Passage 05.06.1999 
pDP-EAV-05-Bg|S-Ci (lng/|Al) 
l.clone/5. Passage 07.06.1999 
pCR3.i-HIS-BAV-05del-121-C12 (lug/fil) 
l.clone/6, Passage 04.06.1999 
rs«™» pmrinrt; large envelnne elvconrotein 


5 
5 
5 


200 
200 
200 


pCR3,l-EAV-06-BE-C£. (lug/ul) 
l.clone/5. Passage 15.06.1999 
Gene product; membrane protein 






pCR3,l-EAV-07-BX-C3 (lpg/pl) 
l.clone/6. Passage 09.06.199° 
pDP-EAV-07-BgS-C2 (l^gAll) 
l.clone/5. Passage 10.06.1999 
r2*«i» prndnQt: nncleocansid Drotein 


5 
5 


200 
200 


pCR3,l-Horsc-IL2 0ng/2ul) 
2.clone/2. Passage 06.02.2000 
rs^np prodnrt! Horse interleukin-2 


5 


200 
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3. Preparation of the DNA for vaccination of horses using 
Helios Gene Gun System (BIO-RAD) and optimization Kit 
(Catalog 165-2424) 

j 

3.1. Calculation: 

3.1.1. MLQ = 1 (Img Au/shot) 

3.1.2. DRL - 3.5 (3.5 fig DNA/ mg Au, particle =*i,6 fim) 

3.1.3. Cartridge length = 13 mm 
to 3.1.4. Naigene tubing « 750 mm 

3.1.5, Factor for Au- 750/13 = 58 mgAu 

3.1.6. 58x3,5 fig DNA = 203 jig DNA ~ 210 \xg DNA 

3.2. Procedure: 

n 3.2. 1. In a 1 .5 ml microfuge tube, weigh out 60 mg Au. 

3.2.2. To the measured Au add 210 fil 0.05 M Spermidine. 

3.2.3. Vortex # 3.2.2. for few seconds, then sonicate 3-5 seconds. 

3.2.4. To the Au and Spermidine mixture, add 210 fig total DNA of seven expression vectors - 
30 fig of individual expression vectors). 

jo , 3 .2.5. Mix DNA* Spermidine and Au by vortexing ~ 5 peconds. 

3.2.6. Add 210 jxl CaCfe dropwise into # 3.2.5. while vortexing at a moderate rate 

3.2.7. Precipitate for 1 0 min in room temperature. 

3.2.8. Most of the Au will now be in a pellet, but some may be on the sides of the tube. . 
The supernatant should be relatively clear. Spin the microcarrier solution in 

29 a mjcrofttge for 15 seconds to pellet the Au. 

3.2.9. Remove the supernatant and discard. 

3.2.10. Resuspend the pellet in the remaining supernatant by vortexing briefly. Wash the pellet 
three times with 1 ml 100 % ethanoi each time. 

3.2.1 1 . Spin for 5 seconds in a microfuge between each wash. Discard the supernatants. 

« 3.2.12. After the final ethanoi wash, resuspend the pellet in 200 fil of the ethanoi solution 
containing 0.05 mg/ml PVP in ethanoi. 

3.2.13. Add# 3.2.12 in 2800 fil 0.05 mg/ml PVP in ethanoi. 

3.2.14. Preparation of cartridges: 

May 20, 2000; 300 cartridges were prepared according to the above protocol and the 
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Helios Gene Gun system Instruction Manual. Each cartridge - single shot contains 
3.5 jig DNA corresponding to 0,5 ng = 500 ng DNA of individual expression vectors. 

4. Preiramune sera 

The preimmwie sera of 5 horses (Daggi, Frieda, Friedrich, Jessy, and Nelke) that were obtained 
in October 1999 and analysed by NT and ELJSA tests developed in our laboratory for screening 
of antibodies against equine arteritis virus (EAV), The results are summarized in: Table 16. > 



10 



/J. 



-'J 



Table 16: The results of neutralisation (NT) and ELISA tests in which the preiminune sera 
of 5 horses were screened for existence of a humoral immune response 
developed during a natural infection with wild type equine arteritis virus (EAV) 



Nik 


llor.sr 


1 ill c ol serin 
NT' 


Til iv ol *>c in 
I I ISA 


UcmarlvS 


1 


Daggi 


1:40 


1:100 


positive 


2 


Frieda 


1:20 


1:50 


boundary 


3 


Friedrich 


,1:10 


<l:50 




4 


Jessy 


1:10 


<1:50 




5 


Nelke 


1:10 


<1:50 






Positive 
Control 


l:160 b 
1:80° 


1:200 


positive 
positive 




Serum 









b Rabbit antiserum raised against EAV 

c Horse serum was obtained from Prof Dr. Ludwig, Berlin 



Vaccination protocol 
Tuesday; M»y 23, 2000 



1. Race of horses: Jessy: Shetland Pony, Rest: so called " Warm^blooder'* 

2, Age of horses 

2.1. Daggi: 22 years old 
so 3.2. Frieda: 16 years old 
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3.3. Friedrich! 10 years old 

3.4. Jessy; 16 years old 

3.5. Nelke: 6 years old 

3. Vaccination: 

3.1. Jessy start 12.15 

3.2. Nelke start 12.30* 

3.3. Daggi start 12.45 §& 

3.4. Frieda start 12.47 §& 

3.5. Friedrich start 13.10 § 



end 
end 
end 
end 
end 



12.22 (10 x shot: 5 per neck side) 
12.38 (10 x shot: 5 per neck side) 
12.55 (12 x shot: 6 per neck side) 
12.57 (12 x shot: 6 per neck side) 
13.15 (12 x shot: 6 per neck side) 



* Sedativum: Domosedan (Pfizer) == Methyl-4-hydrooxybenzoad 1 ml Lv. (10 mg) 
§ Rometar (Serum-Werk Bemhurg) == Xylazin i.v. MethyI-4-hydrooxybenzoad 
& Daggi and. Frieda had heen vaccinated together 

4. Sera: 2 nd preimmune serum was taken on Monday, May 22, 2000 
(3 ml per animal) 

5. May 24, 2000: AU vaccinated borsep developed skin reactions "DTH-reaction" at the 
target of the shot 



30 



25 



10 



Tuesday, June 6, 2000 

6. Sera: 1 st post vaccinated serum was taken on Monday, June 5, 2000 (3 ml per animal) 



7. Vaccination: 










3.1. Frieda 


start 


12.25* 


end 


12.30 


(10 x shot: 5 per neck side) 


3.2. Daggi 


start 


12.27* 


end 


12.33 


(10 x shot: 5 per neck side) 


3.3. Jessy 


start 


1237* 


end 


12.43 


(10 x shot: 5 per neck side) 


3.4. Nelke 


start 


12.44* 


end 


12.47 


(10 x shot: 5 per neck side) 


3,5. Friedrich start 


12.49* 


end 


12.54 


(10 x shot: 5 per neck side) 


* Sedativum: Rometar = Xylazin i.v. Methyl-4 hydrooxybenzoad 2% 



(Serum-Werk Bernburg) 
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Vaccination protocol 
Tuesday, June 21, 2000 

i 8. Sera: 2 nd post vaccinated serum was taken on Monday, June 20, 2000 (1.5 ml per animal) 



9. Vaccination: 



3,1. Frieda 


start 


12.10* 


end 


12.16 


(12 x shot: 6 per neck side) 


3.2. Daggi 


start 


12:17* 


end 


12.20 


(12 x shot: 6 per neck side) 


3.3. Jessy 


start 


12.25* 


end 


12.28 


(12 x shot: 6 per neck side) 


3.4.Nelke 


start 


12.29* 


end 


12.32 


(1 1 x shot: 5 & 6 per neck side) 


3.5. Friedrich start 


12,36* 


end 


12.39 


(12 x shot: 6 per neck pi4e) 



* Sedativum: Rornetar = Xylasrin i.v. Methyl-4 hydrooxyhenzoad 2% 
(Serum- Werk Bemburg) 



Vaccination protocol 
Friday, My 14, 2000 



10. Sera: 3"* post vaccinated serum was taken on July 13, 2000 , 1.5 ml per animal 

11. Vaccination: 



3,1. Daggi 


start 


12.00+ 


end 


12.07 


(12 x shot: 6 per neck side, 530 psi) 


3.2. Frieda 


9tart 


12.08* 


end 


12.11 


(12 x shot: 6 per neck side, 530 psi) 


3.3. Jessy 


start 


12.21* 


end 


12,24 


(12 x shot: 6 per neck side, 430 psi) 


3.4.Nelke 


start 


12.25* 


end 


12.27 


(12 x shot: 6 per neck side, 500 psi) 


3,5. Friedrich start 


12.35* 


end 


12.42 


(12 x shot: 6 per neck side, 400 psi) 



* Sedativum: Domosedan (Pfizer) = Methyl-4-hydrooxybenzoad 1 ml i.v. (10 rag) 
§ Rometar (Serum -Werk Bemburg) = Xyiazin i.v. Methyl-4-hydrooxybenzoad 



12. Sera: 4* post vaccinated serum was taken on July 28, 2000 , 1.5 ml per animal 
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13. Determination of neutralizing : antibody 

The determination of neutralizing antibodies of individual horse sera (30 serum samples that was 
labelled with code number 1-30, see Table 3) was performed. The results of neutralization tests 
s flre summarized in Table 17. 



Table 17: The results of neutralization tests (NT) in which the sera of five horses were 
screened for detection of a humoral immune response developed after DNA 
to vaccination with the cDNA of ORFs 2, 5, and 7 of equine arteritis virus (EAV) 

as indicated in Table 15 and 16 



Horse 


NT-Titre of individual borses taken at the different times 
prior and post DNA-Vaccination" 


. PreimiT 
serum 1 
20.10.1 


preimnr 
serum < 
22.05.2 


post 

vaccinal 
senpa 1 
05.06.20 


post 

vaccinate 
serum 2 
20.06,20 


post 

vaccinae 
serum 3 
13.07.20 


post 

vaccinated 
serum 4 
28.07.200' 


1. Daggi 


1:16 
(#01) 


1:64 
(#06) 


1:256 
(#m 
1:256^ 


1:256 

(#16) 


1:256 
(#21) 
1:256^ 


1:256 
(#26) 


2. Frieda 


<1:2 
(#02) 


<1:2 
(#07) 


1:256 
(#12) 
1:256* 


1:256 
(#17) 
1:256* 


1:128 
(#22) 


1:256 
(#27) 
1:256^ 


2. 

Friedric 
h 


<1:2 
(#03) 


<1:2 
(#08) 


. 1:64 
(#13) 


1:128 
(#18) 


1:128 
(#23) 


1:128 
(#28) 


4. Jessy 


<1:2 
(#04) 


<1:2 
(#09) 


1:256 
(#14) 
l:256 e 


1:256 
(#19) 
l:256 e 


1:256 
(#24) 
1:256" 


1:128 
(#29) 


5,NeIke 


<1:2 
(#05) 


1:8 i 
(#10) 


1:256 
(#15) 
1:512 
(#15) 


1:128 
(#20) 


1:256 
(#25) 
1:512° 


<l:2^ 
(#30) 
1:256* 



is a DNA- Vaccination of horses was performed as follows: 

May 23, 2000; l* immunization (day 0), Jupe 6, 2000: 2^ immunization (day 14), 
June 21, 2000: 3 rd immunization (day 29), and July 14, 2000: 4* immunization (day 5 1) 
b The number in parenthesis indicate the code number of individual sera used by 
neutralization test, that was performed by Dr. JJerzog, Veterinary laboratory at the 

20 Institute for clinical analysis, 71611 Ludwi gsbyrg, Germany. 
c This titre has to be checked again. 

* The titre 1 :2 was a type mistake. The correct titre was found to be 1 :256, 
(Dr.Herzog laboratory, 08/20/2000) 

e The results of the second analysis obtained from those sera with a titre of 1 :256, 

21 (Dr. Herzog laboratory, 09/06/2000) 
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Biological material 

14. Sera: Si* post vaccinated serum was taken on August 25, 2000 ( 2 x 1,5 ml per animal) 
i 15. Sera: 6* post vaccinated serum was taken on September 22, 2000 (2 x 1,5 ml per animal) 
16. Sera: 7 th post vaccinated serum was taken on October 23, 2000 (2 x 1,5 ml per animal). 
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Example 5 

Table 18: 5l Cr-release of the individual cultures 
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I Table 18 d) 
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Table 19: Summary of the measured cytotoxic T-lymphocyte activities 



horse 


orf 


iraroiiTrizfltjon 


1. booster 


2.booster 


3.booster 


Frieda 


2 


++ 


++ 


■ 


+ 




5 


+ 


++ 




+++ . 




7 


++ 


+ 


+ 


to 


Daggy_ 


2 


+++ 


- 


- 


' U 1- 




5 


+++ 


++ 


- 


m 




7 


+++ 








Nelke 


2 


+ 






m 




5 


+ 


+ 




M 




7 


■ 






+++ 


Friedrich 


2 


m 




+ 


+++ 




5 


+ 


+ 


+ 






7 


+ 


+ 


• 


■ 


Jessy 


2 


+ 


+ 




m 




5 




m 


++++ 


1 1 l~ 




7 


-H- 




m 





x - ^(3:11 + xtflSil) ± x ? (50;lV= after immunization 
3 

y = Vi(3:l> + v>>(25:D + v^fSOtll = before immunization 
3 

x ~ y = absolute increase of the specific lysis in percent 



x: 

• - 0% 

• + = >0-5% 

• ++ « >5*10% 

• +++ = >10-20% 

• ++++ = >20-30% 
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Table 20: Summary of the measured cytotoxic T-lympbocyte activities 



horse. 
Frieda 


€%rf 


ft nnHiTii7atirtTi 

4. 

1 


1 rv 

1. booster 


2,booster 


3.booster 




»j 




T 




++ 




7 

! 9 


J. 

r | J_ 


• 


■ ■ 




— — ^^SeJ. 


5 


TT 

++ 

I 1 


T 


■ 


. +++ 




7 


++ 


m 


• 




Nelke 


2 












5 




m 




m 




7 


M 






++ 


Friedrich 


2 


m 






-H- 




5 




•» 








7 




ha 


m 


m 


j_ Jessy 


2 






a* 






5 






+4+ 


++ 




7 




■H- 







*~ Sif3;l> + x^2S:t) + WSOstt ■ after imnnmization 

■ 3 

y B ± &Q gdl±Xa(gOd) = before immimi™*nn 

3 

x - y = absolute increase of the specific lysis in percent 



x: 

• + 



0-5% 
»■ >5-10% 
- >l&-20% 

>20-30% 
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Claims 

1 . Vaccine composition which is protective against equine arterivirus (EAV) infections in 
horses and induces a cellular immune response, comprising a open reading frame nucleic 

s acid (ORF) 2, ORF 5 and/or ORF7 of EAV. 

2. Vaccine composition according to claim 1, wherein said vaccine composition comprises 
ORF 2, ORF 5 and ORF7 of EAV. 

3. Vaccine composition according to claim 1 or 2, wherein said vaccine composition further 
comprises one or several ORF(s) selected from the group of ORF la, ORF lb, ORF 3, 
ORF 4, ORF 6. 

4. Vaccine composition according to any one of claims 1 to 3, wherein said nucleic acid is 
cDNA, 

5. Vaccine composition according to any one of claims 1 to 4, wherein said vaccine 
composition comprises one or several nucleic acid vectors each comprising said ORF or 

is ORFs. 

6: Vaccine composition according to claim 5, wherein said vectors) is/are expression 
. vectors). 

7. Vaccine composition according to claim 6, wherein said expression vectors) comprise(s) 
a eukaryotic cis-acting transcription/translation sequence functionally linked to said . 

20 ORF(s). 

8. Vaccine composition according to claim 7, wherein said expression vector is selected 
from the group of pCR3.1, pcDNA3.1/His A, pcDNA3.1/His B, pcDNA3.1/His C, and 
pDisplay(pD). 

9. Vaccine composition according to any one of claims 1 to 8, further comprising the nucleic 
is acid encoding equine interleukin 2 (IL-2) or a vector or expression vector comprising said 

nucleic acid encoding 1L-2. 

10. Vaccine composition according to any one of claims 1 to 9, further comprising 
pharmaceutical^ acceptable earner or excipient 

11. Vaccine composition according to any one of claims 1 to 10, further comprising one or 

so several adjuvants selected from the group of Muramyl Dipeptide (MDP), Montanide 720, 

Poly Inosine:Cytosine (Poly I:C) or plasmid DNA comprising unmethylated cytosine, 
guanine dinucleotide sequence motifs (CpG). 

12. Vaccine composition according to any one of claims 1 to 11, consisting of expression 
vectors comprising ORF2, ORF5 and ORF7 of EAV, respectively, and optionally carrier, 
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excipients or adjuvants and an expression vector comprising the nucleic acid encoding IL- 
2. 

13. Vaccine composition according to claim 12, wherein ORF 2 is SEQ ID No. 2, ORF 5 is 
SEQ ID No. 5 or SEQ ID No. 9 and ORF 7 is SEQ ID No. 7, 
i 14. Vaccine composition according to any one of claims 1 to 13, wherein the nucleic acid or 
nucleic acid vector or expression vector is encapsulated into cationic liposomes. 

15. Nucleic acid vector comprising nucleic acid selected from the group of ORF la, ORF lb, 
ORF 2, ORF 3, ORF 4, ORF 5, ORF 6 and/or ORF7 of EAV. 

16. Nucleic acid vector according to claim 15, wherein said nucleic acid is DNA. 

jo 1 7. Nucleic acid vector according to claim 1 5 or 1 6, wherein said nucleic acid vector is an 
expression vector. 

1 8 . Nucleic acid vector according to any one of claims 1 5 to 1 7, wherein said expression 
vector comprises a eukaryotic cis-actiug transcription/translation sequence functionally 
linked to said nucleic acid(s) specific for said ORF(s). 
n 1 9. Nucleic acid vector according to any one of claims 1 5 to 1 8, wherein said expression 
vector is selected from the group of pCR3.l, pcDNA3,l/His A, pcDNA3.1/His B, 
pcPNA3.1/His C, and pDisplay (pD), 

20. Nucleic acid vector according to any one of claims 15 to 19, wherein said nucleic acid 
vector comprises a nucleic acid selected from the group of SEQ ID No. 2, SEQ ID No. 5, 

:o SEQ ID No. 9 and/or SEQ ID No. 7. 

21. A method for prophylaxis or treatment of EAV infection in a horse, comprising 

(i) coating one or several nucleic acid vector(s) according to any one of claims 15 to 20 
onto carrier particles; 

(ii) accelerating the coated carrier particles into epidermal cells of the horse in viva; and 
jj (iii) inducing a protective or therapeutic immune response in said horse upon or after 

exposure to EAV; and 

(iv) monitoring the reduction of EAV-associated symptoms or the reduction of horizontal 
or vertical transmission. 

22. The method according to claim 21, wherein the carrier particles are gold. 

so 23. A method for prophylaxis or treatment of EAV infection in a horse, comprising 

(i) injecting a vaccine composition according to claim 1 to 14 or one or several nucleic 
acid vector(s) according to any one of claims 1 5 to 20 into muscular cells of the horse in 
vivo; and 

(ii) inducing a protective or therapeutic immune response in said horse upon or after 
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exposure to EAV, and 

(iii) monitoring the reduction of EAV-associated symptoms or the reduction of horizontal 
or vertical transmission. 

24. Use of one or peverai nucleic acid vector(s) according to any one of claims 15 to 20 in the 
s manufacture of a vaccine for the prophylaxis and treatment of EAV infections. 
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Summary 

The invention belongs to the field of animal health and in equine arterivirus (EAV). The 
invention provides vaccine compositions comprising open reading frame (ORF) 2, ORF 5 and 
ORF 7 nucleic acid of EAV, and vectors comprising said ORFs. The invention further relates to 
the use of said ORFs and vectors in the manufacture of a medicament for the prevention and 
treatment of EAV infections. 
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SEQUENCE LISTING 

<ll0> Boehringer ingelheim Vetmedica GmbH 

<120> Equine Arterivirue Vaccine 

<130> 1-12B1-I 

«140> not yet: aasigne4 
<141> 2002-01-19 

<160> 61 

<170> Fatenttn Ver. 2.1 * 

<210> 1 
*2*1> 9031 
<213> DNA 

<213* Artificial sequence 
<2?0> 

<223> Description of Artificial Sequence iORF la and b of 
KAV 

<400> 1 

taa^actttt gccacctgac cgccgtgagg ctggtttgcg gttgtattac aaecattacc 60 
gcgaacaaag gaccgggtgg ctgtctaaaa qaggacttcg cttatggctt ggagacatgg 12 o 
gtttgggcat caatgogago tccggagggc tgaaattcca cattatgagg ggttcgcctc xeo 
agcgagcttg gcatatcaca acacgcagct gcaagctg^ gagctactac gtttgtgaca 240 
tcpctgaagc agactggtec tgtttgcctg qtggcaacps cggcggctac aatccaccag 300 
gggacggagc ttgcggttac aggtgcttgg ccttcatgaa tggcgccact gttgtgtcgg 360 
ctggttgcag ttctgacttg tggtgtgatg atgagttggc ttatcgagtc tttcaattgt 420' 
cacccacgtt eacggttaee atcceaggtg ggegagtttg tccgaatgcc aagtacgcaa 490 
tgatttgtga caagcagcac tggcgcgtoa aacgtgcaaa gggcgtcggc ctgtgtctcg 540 
atgaaagctg tttcaggggc atctgcaatt gccaacgcat gagtggacca ccacctgcao 600 
ccgtgtcagc cgccgtgtta gatcacatao tggaggcggc gacgtttggc aacgttrcgcg 660 
tggttacacc tgaagggcag ccacgccccg taccagcgcc gcgagtfccgt- eceagcgcea 72 0 
actcttctgg agatgtcaaa gatccggcgo ccgttccgcc agtaccaaaa ccaaggacca 780 
agcttgccac accgaaccca actcaggcgc ccatcccagc accgcgcacg cgacttcaag 840 
gggcctcaac acaggagcca etggcgagtg caggagttge ttctgactcg gcacctaaat 900 
ggcgtgtggc caaaactgtg tacagctccg cggagcgctt tcggaccgaa ctggtacaac 960 
gtgctcggtc cgttggggac gttcttgttc aagcgctacc gctcaaaacc ccagcagtgc 1020 
agcggtat^e c^tgaetctg aagatgatgc gttcaogctt cagttggbac tgcgacgtgt 10B0 
ggtacccttt ggctgtaatc gcttgtttgc tccctatatg gccatctctt gctttgctcc 1140 
ttagetttgc cattgggttg atacccagtg tgggcaataa tgttgttctg ac^gcgcttc 1200 
tggtttcatc agct&attat gttgcgtcaa tggaocatca atgtgaaggt gcggcttgct 1260 
fcagccttgct ggaagaagaa cactattata gagcggtccg ttggcgcccg attacaggcg 1320 
cgctgtcgct: tgtgctcaat ttactggggc aggtaggcta tgtagctagt tccacctttg 1380 
atgeagctta fcgttccttgc actgtgttcg atctttgcag ctttgetatt ctgtaectct 1440 
gccgcaatcg ttgctggaga tgcttcggac gctgtgtgcg agt^gggcct gccacgcatg 1500 
ttttgggcte caccgggcaa cgagttfccca aactggcgct cattgatttg tgtgaccact 1560 
ttfccaaagcc caccatcgat gttgtgggca tggcaactgg ttggagcgga tgttacacag 1620 
gaaccgccgc aatggagcgt cagtgtgcct ctacggtgga ccctcactcg ttcgaccaga 1680 
agaaggcagg agcgactgtt tacctcaccc cccctgtcaa cagcgggtga gcgctgcagt 1740 
gcetcaatgt catgtggaag cgaccaattg ggtccactgt ccttggggaa caaacaggag 1800 
ctgttgtg^Q ggcggtc^ag agtatctctt tctcacctcc qtgotgcgtc tctaccactt I860 
tgaacacccg acccggtgtg accgttgtcg accatgctct ttacaaccgg ttgactgctt 1920 
caggggtcg* tcccgcttta ttgcgtgttg ggcaaggtga ttttctaaaa cttaatccgg 1980 
ggttcpggct gataggtgga tggatttatg ggatatgcta ttttgtgttg gtggttgtgt 204 0 
eaacttttae etgettacct atcaaatgtg gcattggcac cogcgaccct ttctgccgca 2100 
gagtgtttcc tgtacccgtc accaagaccc aagagcactg ceatgetgga atgtgtgcta 2160 
gcgctgaagg catctctctg gaetctctgg ggttaactca gttacaaagt tactggatcg 222 0 
cagccgtcac tagcggatta gtgatcttgt tggtctgcca ccgcctggcc atcagcgcct 22 80 
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tggacttgtt gactatagct tcccctttag tgttgcttgt gttcecttgg gcatctgtgg 2340 
ggcttttact tgcttgcagt ctcgctggtg etgptgtgaa aataaagttg ttggcgacgc 2400 
tttttgtgaa tctgttcttt ccccaagcta ccottgtcac tatgggatac tgggcgtgcg 2460 
fcggcggcttt ggccgtttac agtttgatgg gettgcgagt gaaagtgaat gtgcccatgt 252 0 
gtgtgacacc tgcccatttt ctgetgetgg cg^ggfcqagc tggacagtca agagagcaga 2580 
tgctccgggt cagcgcfcgct gcccccacca attcactgct tggagtggct cgtgattgtt 2640 
atgtcacagg cacaactcgg ctgtaeatac ccaaggaagg cgggatggtg tttgaagggo 2700 
tattcaggtc accgaaggcg cgcggcaacg tcggcttcgt ggctggtagc agctacggca 2760 
cagggtcagt gtggaccagg aacaacgagg tcgtcgtacc gaeagcgtca cacgtggttg 2620 
gocgcgctaa catggccact ctgaagatcg gtgacgcaat gotgaatctg actttcaaaa 2aao 
agaatggega attogecgag gaagtgacga cacagtccga gctcccaggc aattggccac 2940 
agttgcattt cgcccaacca acaaccgggc ccgcttcatg gtgcactgcc acaggagatg 3000 
aagaaggctt gctcagtggc gaggtttgtc tggcgtggac tactagtggc gactctggat 3060 
ctgeagtggt tcagggtgac gctgtggtag gggtecaoac cggttcgaac acaagtggtg 312 o 
ttgcctacgt gaccacccca agcggaaaac tcctfcggcgc cgacaccgtg actttgteat 3180 
cactgtcaaa geatttcaoa ggcoctttga catcaatccc gaaggacatc cctgacaaca 3240 
ttattgccga fcgttgatgct gttcctcgtt ctctggccat gctgattgat ggcttatcca 3300 
atagagagag cagcctttct ggacctcagt tgttgttaat tgcttgtttt atgtggtctt 3360 
atcttaacca acctgcttac ttgccttatg tgctgggctt ctttgccgct aaettcttcc 3420 
tgccaaaaag tgttggccgc cctgtggtca ctgggcttot atggttgtgc tgcctcttca 3480 
caeegctttc catgagcttg tgcttgttcc atctggtctg tgetacegtc acgggaaacg 3540 
tgatatcttt gtggttetae atcactgccg .ctggcacgtc ttaccfcttet gagatgtggt 3 600 
teggaggcta tcccaccatg ttgtttgtgc cacggtfccct agtgtaccag ttccccggct 3660 
gggctattgg cacagtacta geggtatgea gcatcaccat gotggctgct gccctcggfce 3720 

- acaccctgtt aatggatgtg ttctacgcct caggtcgctt tgacaggaet ttcatgatga 3780 
aatacttcct ggagggagga gtgaaagaga gtgtcacege ctcagtcacc cgcgcttatg 3640 
gcaaaccaat tacccaggag agtctcactg caaeattagc tgccctcacfc gatgatgact 3000 

..ttScaattcct ctctgatgtg cttgaotgfcc gggccgtccg atcggcaatg aatetgcgtg 3960 
ccgctctcae aagttttcaa gtggcgcagt. atcgfcaacap ccttaatgca tccttgcaag 4020 
tcgatcgtga cgctgctcgt agtcgcagac taatggcaaa actggctgat tttgcggttg 40B0 

• aacaagaagt aacagctgga gaccgtgttg tggttatcga eggtctggac cgcafcggctc -4140 
aatteaaaga cgatttggtg ctggttccfct tgaccaccaa agtagtaggc ggttctaggt 4200 
gcaccatttg tgacgtcgtt aaggaagaag ccaatgacac eccagttaag ccaatgccca 4260 
gcaggagaeg ccgeaagggc ctgcctaaag gtgotcagtt ggagtgggac cgtcaeqagg 4320 
aagagaagag gaacgccggt gatgatgatt ttgcggtctc gaatgattat gtcaagagag 43 90 
tgccaaagta otgggatccc agcgacaccc gaggcacgac agtgaaaatc gceggoacta 4440 
ectatoagaa agtggttgac tattcaggca atgtgcatta cgtggagcat caggaagatc 4500 
tgctagacta cgtgctgggc aaggggagct atgaaggcct agatcaggac aaagtgttgg 4560 
acctcacaaa catgctfcaaa gtggacccca cggagctctc ctcqaaagac aaagceaagg 462 0 
cgcgtcaget tgcfccatctg ctgttggatc tggctaaocc agttgaggca gtgaatcagt 4680 
taaactgaga gcgccccaca tctttcrccgg cgatgtgggg cgtcggacct ttgctgactc 4740 
taaagacaag ggtttcgtgg ctctacacag tcgcacaatg tttfctagctg cocgggactt 4600 
tttatttaac atcaaatttg tgtgcgacga agagttcaca aagaccccaa aagacacact 4860 
gcttgggtac gtaogcgcct gccctggtta ctggtttatt ttccgtagta cgcaccggtc 4920 
gctgattgat gaataetggg acagtatgga gtgcgttfcac gcgcttccca ccatatctga 4980 
ttttgatgtg agcccaggtg acgtcgqagt gacgggcgag cgatgggatt ttgaatctec 5040 
cggaggaggc cgtgcaaaac gtctcacagc tgatetggtg gaggcttttc aagggttcca 5100 
cggagcctct tattectatg atgacaaggt ggcagctgot gtcagtggtg acccgtatcg 5160 
gtcggacggc gtcttgtata acacccgttg gggcaacatt ccatattctg tcccaaccaa 5220 
tgctttgg^a gccacagctt gctaccgtgc tggatgtgag gocgttaocg acgggaacaa 5280 

' cgteatcgca acaattgggc ccttcccgga gcaacaaccc ataeeggaca tcccaaagag 5340 
cgtgcttgac aactgcgctg acatcagctg tgaegetttc atagcgcccg ctgcagagac 5400 
agccctgtgt ggagatttag agaaatacaa cctatccacg cagggttttg tgttgcctag 5460 
tgttttctcc atggtgcggg cgtacttaaa agaggagatt ggagacgctc caccaetcta 5520 
ettgceatct actgtacoat ctaaaaattc acaagccgga attaacggcg etgagfcttcc 5580 
tacaaagtct ttacagagct actgtttgat tgatgacatg gtgtcacagt ccatgaaaag 5640 
caatctacaa accgccacca tggcgacttg taaacggcaa tactgttcca aatacaagat 5700 
taggagcatt ctgggcacca acaattacat tggcctaggfc ttgcgtgcct gcctttcggg 5760 
ggttacggoc gcattccaaa aagctggaaa ggatgggtaa ccgatttatt tgggcaagtc 5820 
aaaatfcegac ccgataccag ctcctgacaa gtactgcctt gaaacagace tggagagttg 5880 
tgafccgctcc accccggctt tggtgcgttg gttcgctact aatottattt ttgagccagc 5940 
tggccagccc gagttggtgc acagctaagt gttgaattgc tgtcacgatc tagtcgtggc 6000 
gggtagtgta gcattcacca aacgcggggg tttgtcatct ggagacccta tcaettccat 6060 
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ttccaatacc atctattcat: tggtgctgta cacccage^c afcgttgctat gtggacttga 612 0 
aggctatttc cc^gag^ttg cagaaaaata tcttgatggc agcctggagc tgcgggacat 6180 
gttca^gtac gttcgagtgt acatctactc ggacgatgtg gttct^acea cacccaacca 6240 
gcatt^cgcg gccagctttg accgetgggt cccccacctg caggcgotgc taggtttcaa 6300 
ggttgaccca aagaaaactg tgaacaccag ct coco t tec tttttgggct gccggttcaa 6360 
gcaagtggac ggcaagtgtt atetagocag tcttcaggac egcgfctaqac gctctctgtt 642 0 
ataccacatt ggtgcaaaga atccctcaga gtaetatgaa gctgctgttt ccatctttaa 6480 
ggactccatt atctgctgtg atgaagactg gtggaoggac ctccatcgac gtatcagtgg 6540 
cgctgcgcgt accgaeggag ttgagttcec caccattgaa atgttaacat ccttccgcac 6600 
caagcagtat gagagtgccg tgtgcacagt ttgtggggcc gcccccgtgg ccaagtctgc 6660 
tfcgtggaggg tggttctgtg gcaattgtgt cccgtaccac gegggtcatt gteacaca^c 672 0 
ctogctctte gccaactgcg ggcacgacat catgtaccgc tccacttact gcacaatgtg 6780 
tgagggttcc ccaaaacaga tggtaccaaa agtgccccac . cegafccctgg ateatttget 6840 
gtgecacatt gattaeggea gtaaagagga acta^otefcg gtagtggcgg atggtcgaac 6900 
aacatcaccg cccgggcgct acaaagtggg bcacaaggta gtcgccgtgg ttgcagatgt 6960. 
gggaggcaac attgtgtttg ggtgcggtcc tggatcacac ategcagtae cacttcagga 7020 
tacgetaaag ggcgtggtgg tgaataaagc tctgaagaac gccgccgcct ctgagtacgt 70B0 
ggaaggaocc cctgggagtg ggaagactct ncacctggtc aaagatgtgc tagccgtggt 7140 
eggt^gegeg accttggttg tgcccac ca$ cgcgtccatg ctggactgea tcaacaagct 7200 
caaacaagcg ggegeegate cafcactttgt ggtgcccaag tatacagttc ttgactttcc 7260 
ceggcctggc agtggaaaca tcacagtgcg actgccacag gtcggaacaa gtg^gggaga 732 0 
aacetttgtg gatgaggtgg cctacttctc accagtggat ctggegcgca tfcttaaeeea 73 8 0 
gggtcgagtc aagggttacg gtgatttaaa teagcteggg tgegteggae ccgcgagcgt 7440 
gee^egtaac ctttggctcc gacatnttgt cagcatggag cccttgcgag tgtgccatcg 7500 
atteggeget gctgtgtgcg atttgatcaa gggcatttat cctcattatg agccagctcc 7560 
acataccact aaagtggtgt ttgtgccaaa tecagaefctt gagaaaggtg tagtcatcac 7620 
cgoctaocac aaagatcgcg gtcttggtca aegcacaatt- gattcaattc aaggcegtae 7680 
attccctgtt gtgactrcttc gactgcceac accccaatca .ctgacgcgcc cgcgcgcagt 7740 
tgtggcggtt actagggegt ctcaggaatt atacatctac gaccectttg atcagcttag 7800. 
cgggttgtcg aagttcacca aggaagcaga ggegcaggae ttgatccatg gcccacctac 7860 
agcatgccac cfcgggccaag aaattgacct ttggtccaat .gagggecteg aatattacaa 7320 
ggaagtcaac ctgctgtaca cacacgtccc catoaaggat ggtgtaatac acagttaccc 7980 
taattgtggc cctgcctgtg gctgggaaaa gcaatccaac aaaatttcgt gcctcccgag 8040 
agtggcacaa aatttgggct accactattc occagactta ccaggatttt gccccatacc dioo 
aaaagaaetc gotgagcatt ggaccgtagt gteaaatgat agataoacga attgettgea 8160 
aattacctta cagcaagtafc gtgaactcag taaaccgtgc teageggget atatggttgg 822 0 
acaatetgtt ttcgtgcaga cgcctggtgt gacatcttac tggettactg aatgggtcga 8280 
eggoaaageg cgtgctctac cagattcctt attctcgtcc ggtaggttcg agaccaacag 8340 
ccgcgctttc ctcgatgaag ccgaggaaaa gtttgccgcc gctcaacccc atgcctgttt 8400 
gggagaaatt . aat^agtcca ccgfcgggagg atcccacttc atcttttccc aatatttacc 0460 
accattgeta cccgcagacg ctgttgccct ggtaggtgct tcattggctg ggaaagctgc 8520 
taaagctget tgcagcgttg ttgatgtcta tgctccatca tttgaacctt atctacaccc 8580 
tgagacactg agtcgcgtgt acaagafctat gatcgatttc aagccgtgta ggettafcggt 8640 
gtggagaaac gcgacctttt atgtccaaga gggtgttgat gcagttacat cagcactagc 8700 
ftgctgtgtcc aaactoatca aagtgccggc caatgagcefc gtttcattcc atgtggcatc 8760 
agggcacaga accaacgcgc tggtagegee ccaggataaa atttcaattg gagcctacgc 882 0 
cgccgagtgg gcactgtcaa ctgaaccgoc acctgctggt tatgegateg tgeggegata 8880 
tattgtaaag aggctcctca gctcaacaga agtgttcttg tgocgcaggg gtgttgtgto 8940 
ttceacctca gtgeagacca tttgtgcact agagggatgt aa^cctctgt tcaacttctt 9000 
acaaattggt tcagtcattg ggccagtgtg a 9031 



c210> 2 
<211> 684 
<212> PNA 

<213> Artificial Sequence 
<220> 

<223> Depcription Of Artificial Sequence :ORF2 of BAV 

<400> 2 

tgetatttet gtgattgatg cagegctttt etttctcatg ctacttgeat tggctgtcgt 60 
tactgtgttt cttttctggc tca^tgttgc catcggccgc agcttggtgg cgcggtgttc 120 
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acgaggtgeg cgttaeagac otgttfceagg atttgcagtg cgacaacetg cgegcgaaag lao 
atgeettcee gagtctggga tatgotctgt cgattggcoa gpcgaggcta tcgtatatgc 240 
tgcaggattg gttgcttgct gcgoacegca aggaagttat gccttccaat atcatgccta 300 
tgcocggtct tactcctgat tgetttgaec atotggegtc ttctagctat gctccattta 360 
tcaatgecta teggeaggea attttgegtc aatacccaca agagctecag ctcgaagcea 420 
tcaaetgtaa attgcttgct gtggttgcac cggeattgta tcataattac catotagcca 480 
atttgaccgg accggccaca tgggtegtgc ctacagtggg oaagttgcae tattatgctt 540. 
cttcctctat ttttgcttca tctgtggaag tgttggcagc aataataota ctatttgcac 600 
geetaooact agtgacacga gtgtacatct cttttacgeg gctaatgtea cctteccgtc 660 
gcacctccag oggcaetttg eegc 

<2?.0> 3 
<2U> 501 
<;212> DMA 

<213> Artificial Sequence 
<22 0> 

<223> Description of Artificial Sequence iORF< 3 of EAV 

aeeggecaca tgggtegtgc ctacagtggg ccagttgcac tattatgctt cttcctctat 60 
ttttgcttca tctgtggaag tgttggcagc aataatacta ctatttgcat gcataccact 120 
agtgacacga gtgtacatct cttttacgeg getaatgtca acttoeegte gaaettooag 180 
eggeaetttg ccgcggcgea agattttgta gtgeacaegg gttatgaata tgccggggtc 240 
acLtgttai tg?acttgtt tgccaacttg gttctgacat ttccgagctt ag«aattgt 300 
tcccgccctg tgaatgtctt tgctaatget tcttgcgtgc aagtggtttg tagtcatacc 360 
aaetcaacta clggeltggg tcaactttct ttttcctttg tagatgaaga tetaeggctg 420 
catatcaggc ctactdtta? ttgttggttt gccttgttgt tggtgcactt tctacccatg 460 
ccacgctgca gaggctegta a a,Ji 



<2X0> 4 
<211> 436 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence i<W4 Of 

Jgaagaicta eggctgeata teaggectao tettatttgt tggtttgcet tgttgttggt 60 
glacfttcta c«atgccac gctgeagagg ctegtaafctt taettacatt a^*^ 120 
?gggccaegt geaeggtcat gaggggtgta ggaattttafc taatgtcaet °^tctgcat 160 
ttctttatct taatcccacc actcccactg cgccggctat aactcattgt ttaettetgg 240 
ttetggcage caaaatggaa caeceaaacg ctactatctg getgeagctg cagccgtttg 300 
ggStcatgt ggctggcgat gtcattgtca acttggaaga ggacaagagg eatocttact 36o 
??aaaSt?t glgagcgccg ietttacege ttggttttgt ggctatagtt tatgttcttt 420 
tacgactggt acgttgggct caaogatgtt atctatga 

<210> 5 
<211> 767 
<212> PNA 

<213> Artificial Sequence 

<220> . . _ 

<223> Description of Artificial Sequence ipeacription of 

Artificial SequenceORP 5 of EAV 

tacgJtgggc tcaacgatgt tatctatgat tgtattgeta ttettgcttt ggggtgcgce 60 
atScatgct tacttctcat actacaccgc tcagcgcttc acagacttca ccttgtgtat 120 
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gctg^cggat cgcggcgtta ttgccaattt 
caattgttcc gccagts^aa cctgttggta 
gtttggaacc gattgtgatg acacotacgc 
gcatggaccg tacagtgcgc tgtttgatga 
attcggcata gttgtgttgg atgtgtttat 
atcagtacta cccc^tgcta cgcttattet 
ctatggcatt tacagcgggg cctacttgge 
acattcaatt gtggtcctce gceaattact 
tacgcttcac gcgtccttta tatcagctga 
cccggttgcc gccgtgggca atcggttgtt 
agtggcctac ggqagcaaag tcaaccttgt 



gctgqgatat gatg4ge4c4 ctgctctgta ISO 
ttgcacattc ctggaegaac agattatcac 240 
ggtecqagtt gctgaggtcc tgg^acaggc 300 
catgccccct tttatttact atggccgtga 360 
gttctatccc gttttagttc tgtttttctt 420 
tgaaatgtgt gtatotattc tgtttataat 4fi0 
catggggata tttgcggcca cgcttgctat 540 
gtggttatgc ctggcttgge gat^ccgctg 600 
9999aaagtg taceecgtag accccggact 660 
agtcccaggt aggcccacta tcgattatgc 720 
gaggttgggg gcagctg 767 



<210> 6 
<211> 489 
<212> DNA 

<213> Artificial Sequence 

M 

<220> 

<223> Description of Artificial Sequence :ORP 6 of BAV 
<400> 6 

^tggg^gcc^ tagattcatt fctgtggtgac gggattttag gtgagtatct ^gattacttt 60 
attctgtccg teecactctt gctgttgctt actaggtatg tagcatctgg gttagtgtat 120 
gttttgactg cottgttcta ttcetttgta ttagcagctt atatttggtt tgttatagtt ibo 
ggaagagcct tttctactgc ttatgctttt gtgcttttgg ctgcttttct gttattagta 240 
atg^ggatga ttgtgggtat gatgcctcgt cttcggtcca ttttcaacca tcgccaactg 300 
gtggtagctg attttgtgga cacacctagt ggacctgttc ccatcccccg ctcaactact 360 
caggtagtgg ttegeggcaa cgggtacacc gcagttggta acaagcttgt cgacggogtc 420 
aagacgatca cgtecgcagg ccgcctcttt tcgaaacggs* cggcggagac agcctacaag 4ao 
ctac^atga 489 



<210> 7 
<2l%> 333 
<2*2> PNA 

«213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence t 0RF7 of EAV 
<400> 7 

tggtaac^ag cttgtcgatg gcgtcaagac gatcaogtcc gcaggccgcc tcttttcgaa 60 
acggacggcg gegacagccfc acaagctaca atgacctact gcgaatgttt ggtcagatgc 120 
gggtccgcaa accgcocgcg caacccactc aggctattat tgcagagcct ggagacctta 180 
ggcatgattt aaatcaacag gagcgcgcca ccctttcgtc g^acgtacaa cggttcttca 240 
tgattgggoa tggttcactc actgcagatg ccggaggacb cacgtacacc gtcagttggg 3 00 
ttcct^ccaa acaaatccag cgcaaagttg cgc 333 



<210> B 
<2ll> 495 
<212> DNA 

<2i3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence ; Partial ORF1 
sequence 

<400> 8 

tggca^cctt ctccgctact ggatttggag ggagttttgt t^gggactgg cccctggact 60 
tacccgacgc ttgtgagcat ggcgcgggat tgtgctgcga agtggacggo tecaccttat 120 
gcgccgagtg ttttcgcggt tgcgaaggaa tggagcaatg tcctggcttg ttcatgggac ibo 



EmPf anssze i t 30. Jan. 10 = 10 



30.JfiN.E002 10=23 



BI fi PfiTENTE 6132 



cctgsttggt tggtatcgag 240 
gqaaoaccct gctttcgccc 300 
aagtgtgttt atttccactg 360 
gctgaceccg gtgtatgeta 420 
gaccactgac eaggaacaag 490 

495 
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tgttaaaact ggettcgcca gttccagtgg gaoataagtt 
ctgccaaagt caccgggcgt taeaatttcc ttgagctgtt 
agctgcgtgt ggttgacgct aggttagoca ttgaagaggc 
aceacgcgtc tgctaagegt ttccctggcg ctagatttgc 
acgcttgggt tgtgagpccg gctgctaaca gtttgatagt 
atgggttctg ctggt 1 



<210> 9 
<211> 363 
<,2%2> DJJA. 

<213> Artificial Sequence 
c220> 

<223> Description of Artificial Sequence "Truncated 0RP5 
of BAV 



<400* 9 

tacgttgggc tcaacgetgt tatotatgat tgfcattgcta ttettgettt ggggtsegcc 60 

atcaeatgct tacttctcat actacacege tcagcgcttc acagaattaa ccttgtgtat 120 

gctgacggat cgcggcgtca ttgeeaattt gctgcgatat gatgagcaca ctgetttgta 180 

caattgttcc gccagtaaaa cctgttggta ttgcacattc otggacgaac agattatcac 240 

gtttggaacc gattgtgatg aeacctacgc ggtcccagtfc gctgaggtcc tggaacaggc 300 
gcatggaccg tacagtgcgc tgtttgatga catgccccct tttafcttact atggccgtga 360 
att 363 



<210> 10 
<21l> ?.2704 
<212> DNA 

<213» Equine arteritis virus 
<400> 10 

gqtcgaagtg tgtatggtgo catataoggc tcaccaccat atacactgea agaattacta 60 
ttottgtggg cccctctegg taaatcctag agggetttee tctcgttatt gcgagattcg 120 
tcgtcagata acggcaagtt ccctttetta ctatcctatt tteatcttgt ggcttgacgg 180 
gtcactgcea tcgtcgtcga tctctatcaa etacccttgc gactatggea accttctccg 240 
otactggatt tggagggagt tttgttaggg actggtecct ggacttacec gacgcttgtg 300 
agcatggcgc gggattgtgc tgcgaagtgg acggctccac cttatgegec gagtgtttcc 360 
gcggttgcga aggaatggag caacgteotg gcttgttcat gggactgtta aaactggctt 420 
egacegttcc agcgggaeat aagttcctga ttggttggt* tcgagctgcc aaagtcaccg 480 
ggogttacaa tttccttgag ctgttgcaac acectgcttt cgcccagctg cgtgtggttg 540 
atgctaggtt agccattgaa gaggcaagtg tgtttatttc cactgaccac gcgtctgcta 600 
agegtttccc tggcgctaga tttgcgctga caccggtgta tgctaacgct tgggttgega 660 
gcccggotgc taacagtttg atagtgacca ctgaccagga aoaagatggg ttetgctggt 720 
taaaactttt gceacctgac cgccgtgagg ctggtttgcg gttgtattac aaccattacc 780 
gcgaacaaag gaccgggtgg ctgtctaaaa caggacttcg cttatggctt ggagacetgg 840 
gtttgggcat caatgcgagc tctggaggge tgaaattcoa cettatgagg ggttcgcctc .900 
agcgagcttg gcatatcaca acacgcagct gcaagctgaa gagctactac gtttgtgaca 960 
cocetgaagc agaetggtce tgtttgcctg ctggcaaota cggcggctac aatecaeeag 1020 
gggacggagc ttgcggttac aggtgettgg ccttoatgaa tggegecact gttgtgtcgg 1080 
ctggttgcag ttctgaettg tggtgtgatg atgagttggo ttatcgagtc ttteaattgt 1140 
caccoacgtt eacggttacc atcccaggtg ggcgagtttg tccgaatgcc aagtacgcaa 1200 
tgatttgtga caagoagcac tggegegtca aacgtgcaaa gggcgtcggc ctgtgtctcg 1260 
atgaaagctg tttcagggge atctgcaatt gccaacgcat gagtggacca ecacctgcao 1320 
ccgtgtcagc cgecgtgtta gatcacacac tggaggcggo gacgtttggc aacgttcgcg 13 80 
tggttacacc tgaagggcag ccacgceeeg taccagcgcc gcgagttcgt cccagcgcca 1440 
actcttatgg agatgtcaaa gatccggcgc ccgttccgce agtaccaaaa ccaaggaeca 1500 
agcttgccac aecgaaccca actcaggcgc eeatcccagc accgcgcacg cgacttcaag 1S60 
qggcctoaac acaggagcca ctggcgagtg caggagttgc ttctgactcg gcacctaaat 1620 
ggcgtgcggo caaaactgtg tacagctccg oggagcgctt tcggaccgaa ctggtacaac 16B0 
gtgctcggtc cgttggggac gttcttgttc aagcgctace gctcaaaacc ccageagtgc 1740 
agcggtatae catgactctg aagatgatge gttcacgctt cagttggcae tgcgacgtgt 1800 
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ggt^ecettt ggctgtaatc gcttgtttgc tccctatatg gccatctctt gctttgctcc i860 
tfcagcttfcgc cattgggttg atacccagtg tgggcaataa tgttgtfcctg acagcgcttc 1920 
tggtttcatc agotaatfcat gttgcgtcaa tggaocatca atgtgaaggt gcggcfctgct 1980 
tageettgct ggaagaagaa cactattata gagcggtcqg tt:ggcgeccg attacaggcg 2040 
qgctgtcgct tgtgctcaat ttactggggc aggtaggcta tgfcagctcgt tccacctttg 2100 
Stgcagctta fcgttccttgc actgtgttcg atctttgeag ctttgctatt ctgtacctct 2X60 
gacgcaatcg tfcgctggaga tgcttcggac gctgtgtgcg agttgggcet gceaegeatg 222 0 
ttttgggctc caocgggcaa cgagtttcca aactggcgct cattgatfctg tgtgaccact 2280 
tttcaaagcc caccatcgat gttgtgggca tggcaaatgg ctggagcgga tgttacacag 2340 
gaaccgccgc aatggagcgt cagtgtgcct ctacggtgga ccctcactcg ttcgaccaga 2400 
agaaggcagg agegactgtt tacctcaccc cccctgtcaa cagcgggtca gcgctgcagt 2460 
gectcaatgt catgtggaag cgaccaatfcg ggtccactgt ccttggggaa caaaeaggag 2520 
ctgttgfcgac ggcggtcaag agtatctctt tctcacctcc ctgctgcgtc tataceactt 2580 
tgcacacccg acccggtgtg accgttgtcg accatgctct ttacaaccgg ttgactgctt 2640 
caggggtega teccgctfcta ttgcgtgttg ggeaaggtga ttfctctaaaa cttaateegg 2700 
ggttcoggct gataggtgga tggatttatg ggatatgcta ttttgfcgttg gtggttgtgt 2760 
caacctttac ctgcttacct atcaaatgtg gcattggcac ccgcgaccct ttctgccgca 2820 
gagtgtcttc tgtacccgtc accaagaoco aagagcactg ccatgctgga atgtgtgeta 2 sap 
gcgctgaagg catctetctg gactctctgg ggttaactca gttaeaaagt tactggatcg 3 94 0 
cagccgtcac tagcggatta gtgatcttgt tggtctgcca ccgcctggco atcagcgoct 3000 
tggacttgtt gaotctagct tcccctttag tgttgettgt gttocctfcgg gcatctgtgg 3060 
ggcttttact tgcttgcagt ctcgctggtg otgotgtgaa aatacagttg ttggcgacgc 3120 
tttttgtgaa tctgttctfct: ccccaagcta ccctcgtcac tatgggatac tgggcgtgcg 3180 
fcggcggcttt ggccgtttac agtttgatgg gcttgcgagt gaaagtgaat gtgcccatgt 3240 
gtgtgacaoe tggccatttt ctgctgctgg cgaggtcage tggacagtca agagagcaga 3.3 Q0 
tgctccgggt cagegctgct gccqccacca attcactgct tggagtggct cgtgat:tgtt 3360 
atgtcacagg cacaactcgg ctgtacatac ccaaggaagg cgggatggtg tttgaagggc 3420 * 
tattcaggtc accgaaggcg cgeggcaacg tcggcttcgt ggctggtagc agctacggca 3480 . 
aagggtcagt gtggaccagg aacaacgagg tcgtcgtact gacagcgtea caegtggttg 3540 
gccgcgctaa catggccact ctgaagatcg gtgacgcaat gctgactctg actttcaaaa 3 60.0 . 
agaatggcga cttcgocgag gpagtgaoga cacagtccga gctcccaggc aattggccac 3660 
agttgcattt cgcccaacca acaaccgggc ccgcttcatg gtgcactgcc acaggagatg 3.72 0 
aagaaggatt gctcagtggc gaggtttgtc tggcgtggac tactagtgge gactctggat 3 780 
ctgaagtggt tcagggtgae gctgtggtag gggtccacac cggttcgaac acaagtggtg 3 840 
Wgoctaegt gaaoacccca agcggaaaac tccttggcgc egacaccgtg actttgtcat 3900 . 
eactgteaaa gcatttcaca ggccctttga catcaatccc gaaggacatc cctgacaaca 3960 
ttatfcgccga tgttgatgct gttcctcgtt ctccggccat gctgattgat ggcttatcca 4020 
atagagagag cagcctttct ggacctcagt tgttgttaat tgattgtttt atgtggtctt 4080 
atcttaacca acctgcttac ttgoattatg tgatgggctt ctttgccgat aacttcntcc 4140 
tgccaaaaag tgttggcegc catgtggtoa otgggottct atggttgtgc tgeetcttea 4200 
caccgctttc catgcgcttg tgcttgttcc atctggtatg tgctaccgtc acgggaaacg 4260 
tgatatcttt gtggttctac atoactgceg ctggcacgtc ttacctttct gagatgtggfc 4320 
tcggaggcta tcecaccatg ttgtttgtgc cacggttcct agtgtaccag ttccccggct 4380 
gggetattgg cacagtacta gcggtatgca geateaceafc gctggctgct gccctcggtc 444 0 
acaccctgtt actggatgtg ttctccgcot caggtcgott tgacaggact ttcatgatga 4500 
aatacttcct ggagggagga gtgaaagaga gtgtcaecgc ctcagtcacc cgcgcttatg 4560 
gcaaaccaat taeeeaggag agtctcactg caacattagc tgccctcact gatgatgact 462 0 
tccaattcct ctctgatgtg cttgactgtc gggccgtccg atcggcaatg aatctgcgtg 468 0 
ocgctctcac aagttttcaa gtggcgcagt atcgtaacat cettaatgca tccttgcaag 4740 
tcgatogtga cgctgctcgt agtcgcagac taatggcaaa actggctgat tttgcggttg 4800 
aacaagaagt aacagctgga gaccgtgttg tggttatoga cggtctggac egeatggctc 4860 
acttcaaaga cgatttggtg ctggttcctt tgaeeaccaa agtagtaggc ggttctaggt 4920 
gcaccatteg tgacgtcgtt aaggaagaag ccaatgacac cccagttaag ccaatgccca 4980 
gcaggagacg ccgcaagggc ctgcctaaag gtgctcagtfc ggagtgggac cgtcaccagg 5040 
aagagaagag gaacgccggt gatgatgatt ttgcggtctc gaatgattat gtoaagagag 5100 
tgccaaagta ctgggatccc agcgacaccc gaggoaogac agtgaaaatc geeggcacta 5160 
cctatcagaa agtggfctgac tattcaggca atgcgcatta cgtggagcat caggaagatc 5220 
tgctagacta cgtgctgggc aaggggaget atgaaggcct agatcaggac aaagtgttgg 5280 
acctcacaaa cacgctnaaa gtggacccca cggagctctc ctccaaagac aaagccaagg 5340 
cgcgtcagct tgctcatctg ctgttggatc tggctaacce agttgaggoa gtgaatcagt 5400 
taaactgaga gcgccccaca tctttcccgg cgacgtgggg cgccggacct ttgctgactc 5460 
taa^gacaag ggtttcgtgg ctctacacag tcgcacaatg tttttagctg cccgggactt 5520 
tttatttaac accaaatttg tgtgcgacga agagttcaca aagaccccaa aagacacact S3 80 
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gctfcgggtac gfcacgcgcct gccctggtta ctggtttatt ttccateata n araf ,A„ nt .^ cc „ ft 

SSSSS IS! 41 " 9 ? 9 aca * tatgga gtSUtSJ SSSSS SSSSS J"! 

SSSSS SSSSS SSSSS ?r? 9 r« 3 c g at ggg att ttg-tSS ss 
cSaicctlt SSSSS ?Sf * 9 ? tgatctggtg caogcttttc aagggtteca Baao 

sees ass ssss ekes s~ ss.° 

SS SSSSS 223SS 52222 " ;s 
S53S 5535 KsS 555 21 S3 E 

asss ssas ssa ass n£ SS S 
EE == sssa ss= sssS S 

taggagcatt ct g ggcacca acaattaeat tggcctaggt ttgcgtgcct acetfcS All 

■SSSS SSSSS SE3ES ffiSSK S 552 52=35 6 "° 
tgatcgc? cc ufiSSS SSS SSSS SSSSS 3EKS SS 

SESET 9a9 S" t9C •«B«t.OBt gttgaattgc tgicSSS SSSSS "20 

SSSSS USSSS* aaC9cg99gg ggagacLta tSSSffi SS 

pcccaatacc atotattcat tggtgotgtta cacccagcac atgttgctat gtaoacttaa sain 
aggctattto ccagagattg cagaaaaata tcttgatgga agLfcSSo tSSSS? moo 
gttcaagcac gttcgagtgt acatatacto ggacgatgtg g?tctaaSa cfcIISSa SS 

SSSSS SSSSS S2? W T CCaC «* -ggcgctgc SSSSS SS 
ggccgaccca aagaaaactg tgaaeaocag ctccccttcc tttttgggct gccaattcaa 70«n 

SSSSS SSSSS T'T** 9 cgcgtgfS SSSSS 7S0 

atacoacatt. ggtgcaaaga atccctcaga gtactatgaa gctgctQttt ccfltefei-?^ ^nn 

SSSSS a^o 9Ct9t9 a ? 9aagactg gtggacgfap JtSSSS SaSagtS SS 
cgctgcgcgt aeegacggag ttga g ttccc caocattgaa atgttaacat ccttceSae 7320 
caagcagtat g agagt g cc g tgtgcacagt ttgtgggioe ■ gecccegSg SSSSS 73S ■ 
ttgtggaggg tggttctgtg gcaattgtgt ecegtaccac gcgggtca?? SSSSE llll 

SSSSS 9C f aaCtga9 ««<*~5* catltaccgc sssss sssss SS 

tgagggfcfceo eoaaaaaaga tggfcaccaaa agtgcetcac ccgatcetgg atcaStSt Hal 
gtgcoaeatt gattacggoa gtaaagagga actaactctg gfcSSSS SggSgIS SS 
aacatcaccg cccgggcgct acaaagtggg tcacaaggtl • ItcSStS SgSgSS SS 
ll^llT** afct ^ c "af BBWWtod tggatcacac atcgcagfcal cacttlagfa SS 
tacgctcaag gg cgtggtgg tgaataaage tctgaagaac gccgccgect ctgagtaeS 7800 
ggaaggacee ectgggagtg ggaagaottt tcacctggtc aaagatgtgc SSSSS SS 
SSEF 9 aOCtt 93"3 tar^aaceca egcgtocafcg ctggacfgSa SSSSS SS 
S*SS2 9 g9 = gccgatc «tactttgt ggtgcccaag tatacagttc ttgacSSc 7980 
«99«tggc agtggaaaca ccaeagtgcg aetgccacag gtoggaacoa gtgaaSSa 8040 
SSSS F 9St9ag f 9 g "taettcto -^agtgga? StflSSeo! tfiSSSS 
gggtagagfcc aagggttacg gtgatttaaa. tcagctqggg tgegtcggac eegcgagcot 8iso 
gccacgtaac ctttggctcc gacattttgt cagcctggai eeettgelag SSSSS 8220 
attcggcgot gctgtgtgtg acttgateaa gggcattta? octtattJS agccagotoc S280 
a «« a f^f "W?^ "gtgocaaa tcoagacfcfct gagaaaggt? tfgtcltcac SS 
wwtcgog gtctfcggtca ccgcacaatt gattcaiStc aafgccgtac 8400 
attccctgtt gtgaetcctc gactgcccae accccaatca etgacgogcc ogcgoqcagt B4S0 
S3S£ t a0tft9g909t ctc *99*a" atacatctac gacccct?tg a^cagcttlg as" 
aalS^- 9 . aa 9 ctcaaca ^gaagcaga ggcgpaggac ttgatccatg gccclcctac lllo 
agcatgccac ctgggccaag aaattgaaet ttggtocaat gagggootcg aatattaeaa 

sssss :%at g iT ca r 9tcce sssss ss^ss: ss 

taattgtgge cetgcctgt g gctgggaaaa gcaatccaac aaaatttcgt gcctcccaaa 8760 

SSSSS SSSSS a ° CaCtattC °«asrac»a ccaggattS JSSSS 8 fl 8 7 2 6 o° 
aaaagaaccc getgagcatt ggcccgtagt gtceaatgat agatacocga attacttaca esao 

SSSSS Sf° aaStat 9tgaactcag taaaccgtgc tcag^gggS SSggSgg b"S 
acaatctgfct ttcgtgcaga cgcctggtgt gacatcttae tggcttactg aatgggtcga 9000 
cggcaaagcg cgtgccctac cagattcctt attotcgtcc gitaggttci agajtaacla loeo 
ecgcgctttc etcgatgaag ccgaggaaaa gtttgccgco gSSESS SScSSt lllo 
gggagaaatt aataagtcca ccgtgggagg atcccacttc ItcttttSc SSSSS lllo 
accattgcta cangcagacg ctgttgccct ggtag g t g ot tcattggSg ggaaagSgc SS 
taaagctgct tgcagcgttg ttgatgteta tgctccatea tttgaSott atSacSco SS 
tgagacactg agtcgcgtgt acaagattac gatcgatntc aagSgtgS g^SSggt SS 
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gtggagaaae gcgacctttt atgtccaaga gggtgttgat gcagttacat cagcactagc 9420 
agctgtgtcc aaactcatca aagtgccggc caatgagoot gtttcattcc atgtggcatc 9460 
agggtacaga accaacgcgc tggtagcgce ccaggctaaa ^.tttcaattg gagcctaagc 9540 
cgcogagtgg gcactgtcaa ctgaaoogcc acctgctggt tatgcgatcg tgcggcgata 9600 
tattgfcaaag aggatcetca gatcaacaga agtgttcttg tgoogcaggg gegttgtgtc 9660 
ttccacctca gtgcagacca tttgtgcact: agagggatgt 4aacctctgt fccaacttctt 9720 
acaaatcggt ecagtcattg ggceegtgtg atgggcttag tgtggtcact gatttcaaat 97 90 
tetattcaga ctattattgc tgattttgct atttctgtga ttgatgcagc gctettcttt 9840 
ctcatgctac ttgcatfcggc tgttgttact gtgtttcttt tctggetcat tgttgccatc 9900 
ggccgqagct tggtggcgcg gtgttcacga ggtgcgcgtt acagacctgt ttaaggattt 9960 
gcagtgcgac aaeetgcgcg cgaaagatgc Qttcccgagt ctgggatatg ctctgtcgat 10020 
tggccagtcg aggctatcgt atatgctgca ggattggttg cttgetgcge accgca^gga looao 
agttatgcct tccaatatca tgcctatgcc cggtcttact cctgattgct ttgaceatct 10140 
ggagtcttct agctatgctc eatttatcaa tgcctatcgg caggcaattt tgagtcaata 10200 
cccaeaagag ctccagctcg aagcc^tcaa ctgtaaattg ottgctgtgg fctgcaccggc 10260 
attgtatcat aattaccatc tagccaattt gaccggaccg gccacatggg tcgtgoctac 10320 
agtgggccag ttgcactatt atgcttcttc etctattttti getteatctg tggaagtgtt 103BO 
ggcagcaata atactactat ttgcatgcat accactagtg aaacgagtgt acatctctt£ 10440 
tacgcggcta atgtcacctt cccgtcgcac ttccagcggc aetttgccgc ggcgcaagat 10500 
tttgtagtgc acaagggtta tgaatatgcc ggggtaacta tgtta^jtgca ettgtttgcc 10560 
aacttggttc tgaeafcttcc gagettagtt aattgttcca gccctgfcgaa fcgtctttgct 10620. 
aatgcttctt gcgtgcaagt ggtttgtagt cataccaact caaatacfcgg atfcgggtcaa 1O680 
ctttcttttt cctttgtaga tgaagatcta cggctgcata tcaggcctac tcttatttgt 10740 
tggtttgcct tgttgttggt gcactttcta cccatgccac gctgcagagg ctcgtaattt 10800 
tacttacafct agtcatggat tgggccacgt gcacggtcat gaggggtgta ggaattttat 10860 
taatgtcact cattctgcat ttctttatct taateccacc actcccactg cgoeggctat 10920 
aactcattgt ttacttctgg ttctggcagc caaaatggaa cacccaaacg ctactatccg 10980 
gctgcagctg cagccgtttg ggtatcatgt ggctggcgat gtcattgtca acttggaaga 11040 
ggacaagagg catccttact ttaaactttt gagagcgceg gctttaocgc ttggttttgt 11100- 
ggctatagtt tatgttcttt tacgactggt- acgttgggcf caacgatgtt atctatgatt . 11160 
gtattgctat. tcttgctttg gggtgcgcca tcacatgctt acttctcata ctacaccgct . 11220 
cagcgcttca cagacttcac cttgtgtatg ctgacggatc gcggcgttat tgccaatttg 11280 
otgcgatatg atgagcacac tgctttgtac aattgttccg ccagtaaaac ctgttggtat 11340 
tgcacattcc tggacgaaca gattatcacg tttggaaccg actgtgatga cacctacgcg 11400 
gtcccagttg ctgaggtcct ggaacaggcg cacggacegt acagtgcgct gtttgatgac 11460 
atgccccctt ttatttacta tggccgfcgaa ttcggcatag ttgtgttgga tgtgtttatg 1152 0 
ttctatooog ttttagttct gtttttctta toagtactac octatgctac gcttattctt 11580 
gaaatgtgtg tatctattct gtttataatc tatggcattt acageggggc ctacttggcc 11640 
atgggoatat ttgcggccac gcttgctata cattcaattg tggtcctccg eeaattactg 11700 
tggttatgac tggcttggcg ataccgctgt acgcttcacg cgtcctttat atcagctgag 11760 
gggaaagtgt aeeecgtaga cccaggactc ccggfctgceg ccgtgggcaa tcggttgtta 11820 
gtcccaggtra ggcceactat cgattatgca gtggccfcacg gcagcaaagt caaocttgtg 11880 
aggttggggg cagptgaggt atgggagcca tagattcatt ttgtggtgae gggattttag 11940 
gtgagtatet agattacttt attctgteeg toecactett gctgttgctt actaggtafcg 12000 
tagcatafcgg gttagtgtat gttttgactg ccttgttcta ttcctttgta ttagcagctt 12060 
atatttggtt tgttatagtt ggaagagcct tttctactgc ttatgctttt. gtgcttttgg 12120 
ctgcttttct gttattagta atgaggatga ttgtgggtat gatgcctcgt ctccggtcca 12180 
ttttcaacca tcgccaactg gfcggtagctg attttgtgga cacacctagt ggacctgttc 12240 
ccatcccccg ctcaactact caggtagtgg ttcgcggcaa cgggtacacc gcagttggta 12300 
acaagcttgt ogatggcgtc aagacgatoa cgtccgcagg ccgoctcttt tcgaaacgga 12360 
cggcggcgac agcctacaag ctacaatgac ctactgcgca tgtttggtca gatgcgggtc 12420 
cgcaaaccgc ccgcgcaacc cactcaggct actattgcag agcctggaga ccttaggcat 12480 
gatttaaatc aacaggagcg cgccaccctt tcgtcgaacg tacaaoggtt cttcatgatt 12540 
gggcatggtt cactcactgc agatgccgga ggactcacgt acaccgtcag ttgggtccct 12600 
^coaaacaaa tccagcgcaa agttgcgcct ccagcagggc cgtaagacgt ggatattcta 12660 
ctgtgtggcg tcatgttgaa gtagttatta gccacccagg aacc 12704 



c210> 11 
<211> 33 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence t oligonucleotide 
primer 

<400> 11 

gggtctsg^g tcaccacaa^ atgaatctat ggc . 33 



<210> 12 
<211> 34 
<212> DNA 

<2i3> Artificial Sequence 
<220> 

<222> Description of Artificial Sequence: oligonucleotide 
primer 

<4Q0> 12 

59Sr9S0atcc cctttgtaga tgaagatcta cggc 34 



<210> 13 
<211> 31 
<212> DNA 

<213> Artificial Sequence . 
<220> 

<223> Description of Artificial Sequence : oligonucleotide 
primer 

*400> 13 

gggggatcct ggtacgttgg gctcaacgat g 31 



<210> 14 

<211> 43 

<212> DNA 

«213> Artificial Sequence 
<220> 

. <223> Description of Artificial Sequences oligonucleotide 
primer 

<400> 14 

gggggtctag agcaatacaa tcatagataa catcgttgag ccc 43 



<2lQ> 15 

<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

*223> Description of Artificial Sequence a oligonucleotide 
primer 

, «400;> 15 

gggtctagac cacaqaggag aatatccacg tc 32 



<210> 16 
<211> 33 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence s oligonucleotide 
primer 

<4Q0> 16 

ggggggatcc cagctgaggt ^tggg^gcca tag 

<210> 17 
<211> 32 
<212> PWA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence : oligonucleotide 
primer 

<400> 17 

gggggatccc gcagttggta acaagcttgt eg 

<2io> ia 

<2H> 34 
<212> DNA 

<2l3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence oligonucleotide 
primer 

<400> ia 

ggggggaatt cc^tgcgcag taggtcattg tagc 



<210> 19 
<211> 33 
<212> DNA 

<213> Artificial sequence 

<220> 

<223> Description of Artificial Sequence : oligonucleotide 
primer 

<400> 19 

gggtctagag tcaccacaaa atgaatctat ggc 



<210> 20 
<2U> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

*223> Description of Artificial Sequence? oligonucleotide 
primer 

<400> 20 

gggggggtcg actggctccc atacctcagc tgc 
c210* 21 
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<211> 31 
<ZX2> DNA 

<213>. Artificial sequence 
<12Q> 



<223> Description of Artificial Sequence: oligonucleotide 
primer 

<400> 21 

gggggatcct ggtacgttgg gctcaacgsvt g 



*210> 22 
<211> 36 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence i oligonucleotide 
primer 

<400> 22 

gggggg^gat ctatggcgtc aagacgatc* cgtccg 



<210> 23 
<2U> 31 
<212> DNA 

<213> Artificial -Sequence 

<223> Description of Artificial sequence : oligonucleotide 
primer 

<40D> 23 

gggggatcca tttctgtgat tg*tgc*gcg c 



<21Q> 24 
<211> 33 
<212» DNA 

<213> Artificial Sequence 



<223> pepcription of Artificial Sequenced, 
primer 

<400> 24 

gggggggtcg accggccctg ctggaggcgc aac 



<210> 2S 
<211* 36 
<212> DNA 

<213> Artificial Sequence 



<25*3> Description of Artificial Sequenceto 
primer 

<400> 2>$ 

gggtctagag gcatattcat a^cccgtgtg cactac 



igonucleotide 



3 igonucleotide 
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<210> 26 
<211> 36 
<2X2> DJJA 

<213> Artificial Sequence 
<220> 

<222> Description of Artificial Sequence* oligonucleotide 
primer 

<400> 26 

ggggggagat ctatgcagcg ettttctttc tcatgc l$ 



<210> 27 
<2%1> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: oligonucleotide 
primer 

<400> 27 

gggggatcct ttgaccggac cggccacatg ggtc 34 



<210> 28 
<211> 35 
<212> DNA 

<213> Artificial Sequence 

<22Q> 

<223> Description of Artificial Sequence : oligonucleotide 
primer 

<4QQ> 20 

gggggggteg aceaaaatct tgcgcogcgg caaag 35 



<2I0> 29 
<2H> 36 
<212> DNA 

<S13> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence? oligonucleotide 
primer 

<400> 29 

gggtctagag taagtaaaat tacgagcctc tgcagc 36 



<210> 30 
<2X1> 38 
<212> DNA 

<213> Artificial Sequence* 
<2,2Q> 

<223> Description of Artificial Sequence: oligonucleotide 
primer 

<400> 30 
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ggggggag^t ctatgggagc catagattca ttttgtgg 38 

<210> 31 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial sequence: oligonucleotide 
primer 

<400> 31 

gggggatccc ctttgtagat gaagatctae ggc 

<21Q> 32 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence .-oligonucleotide 
primer 

<400> 32 

gggggggtcg acttgtagct tgtaggctgt cgccg 

<210> 33 
<211> 41 
<212p DtfA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence : oligonucleotide 
primer 

<400> 33 

gggtctagag caatacaatc atagataaca tcgttgagce o * A 

<210> 34 
<211> 35 
<212> DNA 

<213> Artificial sequence 

<223> Description of Artificial Sequence : oligonucleotide 
primer 

<4Q0> 34 lq 
gggggggaat tcatggcaac cttctccgct actgg 

<210> 35 
<211> 32 
<212> DNA 

<^13> Artificial Sequence 

<?23> Description of Artificial Sequences oligonucleotide 
primer 
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<400> 35 

gggggatccc agcfcgaggta tgggagccat ag 32 



<2}0> 36 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
«220> 

<223> Description of Artificial Sequence: oligonucleotide 
primer 

<40Q> 36 

ggggggtcta gatcacacgg gcccaatgac tgaacc 36 



<2l0> 37 
<2U> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<22 3> Description of Artificial Sequence: oligonucleotide 
primer 

<400> 37 

ggggaattcc atgcgcagta ggtcattgta gc 32 



<210> 38 
<211> 3S 
c212> DNA 

<2X3> Artificial Sequence 
«220> 

«223> Description of Artificial Sequence t oligonucleotide 
primer 

<400> 36 

ccccttaagt gccatatacg gctcaccacc atatacac" 39 



<210> 39 
<2U* 32 
<212> DNA 

<213> Artificial sequence 

<220> 

<223> pescriptiop of Artificial Sequence i oligonucleotide 
primer 

<400> 39 

ggggggatcc tggtacgttg ggctcaacga tg 32 



<2io> 40 

<211> 37 

<212> om 

<2H> Artificial sequence 

<22G> 
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<223> Pescription of Artificial Sequence -.oligonucleotide 
primer 

<400> 40 

cccttccgga ggtteetggg tggctaataa ctactte 

<210> 41 
<211> 35 
<212> UNA 

<213> Artificial. Sequence 
<220> 

<223> Deecription of Artificial Se^ence: oligonucleotide 
primer 

<400> 41 

gggggtctag agtcaccaca aaatgaatct atggc 
<210> 42 

<211> 22 
*212> DNA 

<213> Artificial Sequence 
*22Q> 

<223> Description of Artificial Sequence: oligonucleotide 
primer 

<400> 42 

GTgggggatec cagtactttg gc 

«210> 43 
<2%1> 33 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial sequence: oligonucleotide 
primer 

<4O0> 43 

' ggggggatcc cgcagttggt aacaagcttg teg 

s210> 44 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
«22Q> 

<223> Description of Artificial Sequences oligonucleotide 
primer 

<400> 44 

ggggggatcc c^gcgacacc cgaggcacg 

<2l0> 45 
<31** 34 
<:212> DNA 

<213> Artificial Sequence 
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«220> 

<223» Description of Artificial Sequence: oligonucleotide 
primer 

<400> 45 

gggggtctag siccacacagg agaatatcca cgtc 



<2%Q> 46 
<ZXX> 26 
<212> DlfA 

<213> Artificial Sequence 
<220> 

<S23> Description of Artificial Sequence: oligonucleotide 
primer 

<400> 46 

ggggggcatg ctgtaggtgg gccatgg^tc aagtcc 



<210> 47 
*2ll> 33 
<312> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial sequence: oligonucleotide 
primer 

<400> 47 

ggggtcgacg tcaccacaaa atgaatetat ggc 



<Z10> 4B 
c211> 33 
<2X2> DNA 

<213> Artificial Sequence 
«220> 

<223» Description of Artificial 9eq^ience: oligonucleotide 
primer 

<400> 4B 

ggggggcatg ccacctgggc caagaa^ttg acc 



<210> 49 
<211> 31 
<212> PNA 

<2 13 > Artificial sequence 
<22Q> 

«223* Description of Artificial Sequence: oligonucleotide 
primer 

<400> 49 

ggggaattcc acacagg^g* atatccacgt c 



<210> 50 
<2H> 24 t 
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*212> DNA 

<213> Artificial Sequence 
<220> * 

<223> Description of Artificial Sequence: oligonucleotide 
primer 

<400> 50 

gctggccgcg taatgctggt tggg 

<2%Q> 51 
<211> 72 
<212> DJtfA 

<213^ Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: oligonucleotide 
primer 

<400> 51 

caactatgoc gaattoacgg cc 



«210:> 52 
<21l> 26 
<212* DNA 

<213> Artificial Sequence 
<220> 

<223> pescription of Artificial Sequence .-oligonucleotide 
primer 

*40O> 52 

ccgtgctgga tgtgaggccg ttaccg 



<210> 53 
<211* 22 
<212> DNA 

<2\^> Artificial Sequence 
<22Q> 

<223> Description of Artificial Sequence? oligonucleotide 
primer 

<400> S3 

ggccgtgaat toggcatagt tg 

<21Q> 54 
<21%> 37 
«212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence oligonucleotide 
primer 

«400> 54 

99S9S9^tcc atgttafccta tgafctgtatt gctattc 
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<210> 55 
<211> 32 
<212> PNA 

<213> Artificial sequence 
<220> 

<223> Description of Artificial Sequence: oligonucleotide 
primer 

<400> 55 

ggggggatcc atttctgtga ttg^tgcagc gc 

<2l0> 55 
<211> 35 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: oligonucleotide 
primer 

<400> 55 

39g39Sfteta gacaacacaa ctatgccgaa ttcac 



<210> 57 
<211> 38 
«c212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequep.ce: oligonucleotide 

primer 

*40Q> 57 

gggggtctag aggcatattc ataacccgtg tgcactac 



<210> 50 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: oligonucleotide 
primer 

<400> 58 

atggtatgge tagcatgact ggt 



c210> 59 
<211> 35 
<212> D^A 

«213> Artificial sequence 
<220> 

<223>. Description of Artificial Sequence: oligonucleotide 
primer 

<400> 59 

ggggggatco tttgacegga ccggcce^cat gggtc 
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<JU0> 60 
<211> 23 
<2l2> DNA 

<213> Artificial sequence 
<220> 

<223> Description of Artificial Sequences oligonucleotide 
primer 

<40Q> so 

cas^caacag atggctggca act 



<210> 61. 
<21i> 3B 

«213> Artificial Sequence 
<220> 

<:223» Description of Artificial Sequence: oligonucleotide 
primer 

*400> 61 

gggggtetag agt2*4gta*4 attacgagcc tctgcagc 
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Genome organization and 
transcription of arteriviruses 



Open reading frames (ORB) 

25S 7 T rt! 5 p aac * al tol h different feeding Irame* » that a 
*ng|e lanatft of genomte RMAcan encode mow than one protein. or* 
la/lb encodes the viral replicas and OPR»2-7 encode structural proteina 

Genomic RNA 
po^ttva sense, approx 12-13 kb 



\ 




Leq<Jer sequence ' 
ppa»ntat5» and of genomic 
FNAqnd spliced to 5* ends of 
ajb-genpmlc hmas 



AAAAA 2 



AAAAA 3 



AAAAA 4 



&it>-genomic RNAs 
podtfve sens, transcribed from a 
genomic replica Uvb negative sense 
intermediate 



AAAAA S 



AAAAA 0 



AAAAA 7 



FblyAtai! 
preaBnt at 3' end3 of genomic 
and ajb-genomic rmas 



Ftg.l 



Schematic diagram of the genomic organization and transcriptional strategy of 
the family Arteriviridae. 
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Construction of a vector expressing 
the neutralization determinant 
of the viral large glycoprotein 

The N-terminal hydrophilic ectodomain (amino acids 1-121) 
of the G(L) envelope glycoprotein contains the 
neutralization domains of EAV (Balasuriya et al., 1997, 
Virology 232, 114-128). The corresponding coding region of 
the viral ORF 5 (nucleotides 1-3B3) was inserted into the 
mammalian expression vector pcDNA3.1/His. 




Fig. 2} 



Schematic diagram of the strategy used for molecular cloning of neutralizing 
domain of equine arteritis virus (EAV). A part of the cDNA of viral ORF5 
expressing the N-terminal hydrophilic ectodomain of the EAV envelope large 
glycoprotein was inserted into the corresponding sites of mammalian expression 
vector pcDNA3.1. 
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Diagram presenting the data of ON A immunisation of Balb/c mice 
with recombinant plitsmfd pCR3.1-EAV-05»BX-C14 
expressing ORF S of equine arteritis virus 
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Diagram prtsenttac the data pf DNA Immiintaiulon of Balh/c mice 
with recombinant plajmj* pCRa.UBAY-05-BX.C14 
aspnwlni; the ORF 5 of equine oricrttls yiras 
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Fig. 3: 

The results of neutralization tests obtained by the analysis of the sera of the 
individual Balb/c mice that were inoculated in two independent experiments 
(A and B) with the DNA of recombinant plasmid pCR3. 1-EAV-05-BX-C14 
harboring and expressing ORF 5 of equine arteritis virus (EAV). The 
individual animals are indicated with number 1 to 10. The white and black 
columns represent the data of pre and post DNA vaccinated animals, 
respectively. The column 1 1 (red color) served as internal positive control 
and indicates the average of maximum and minimum neutralizing titer 
obtained from the serum of a New Zealand white rabbit that was immunized 
with inactivated EAV. 
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Diagram prcsan Hng the d ftta of DNA immunization of Balb/c mice 
with recombinant plosipids pCB3.1-EAV-OSrBX-C14 and pCK3,lrEAV-07-BX-rC3 
expressing ORF 5 and 7 of equine arteritis virns 
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Big. 4: 

The results of neutralization tept obtained by the analysis of the sera of the individual 
Balb/c mice that were inoculated with the DNA of recombinant plasmids pCR3.1- 
EAV-05-BX-C14 and pCR3 . 1-EAV-07-BX-C3 harboring and expressing OfcFs 5 
and 7 of equine arteritis virus (EAV). The individual animals are indicated with 
number 1 to 10. The white and black columns represent the data of pre and post DNA 
vaccinated animals, respectively. The column 11 (red color) served as internal 
positive control and indicates the average of maximum gnd minimum neutralizing 
titer obtained from the serum of a New Zealand white rabbit that was immunized with 
inactivated EAV, 
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Diagram presenting the data of DNA JrammiLwtiqn of Balft/c mite vtfth 
recombinant plajmid* pDP-EAV-07-Bgg-C2 ant} pDf-EAV-05-BgS-Cl expressing 
ORP 7 and 5 of Equine arteritis vlrp?, a** well as pWS2ms fixpre?sing IL-2 geno 
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The results of neutralization test obtained by the analysis of the sera of the individual 
Balb/c mice that were inoculated with the DNA of recombinant plasmids pDP-EAV- 
OS-BsS-C2 and pDP-EAV-07-BsS-Cl harboring and expressing ORFs 5 and 7 of 
equine arteritis virus (EAV). The recombinant plasmid pWS2ms expressing mouse 
JL2 gene ww administered as immune modulating factor. The individual animals are 
indicated with number 1 to 10. The white and black columns represent the data of pre 
and post DNA vaccinated animals, respectively. The column 1 1 (red color) served as 
internal positive control and indicates the average of maximum and minimum 
neutralizing titer obtained from the serum of a New Zealand white rabbit that was 
immunized with inactivated EAV. 
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Diagram presenting the data of DNA immuni^atf on of Balh/c mice 
with recombinant plasmids pCR3 f l-EAV-05-BX-CI4 and pCR3.1-EAV-06-3E-C4 
expressing ORF 5 and 6 of equine arteritis virus 
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Fig. 6: 

The results of neutralization test obtained by the a&aiysis of the $era of the individual 
Balb/o mice that were inoculated with the DNA of recombinant plasmids pCR3.1- 
EAV-OS-BX-C14 and pCR3.1-EAV-06-BE-C4 harboring and expressing ORFs 5 
and 6 of equine arteritis virus (EAV). The individual animals are indicated with 
number 1 to 10. The white and black columns represent the data of pre and post DNA 
vaccinated apijnals, respectively. The column 11 (red color) served as internal 
positive control and indicates the average of maximum and minimum neutralizing 
titer obtained from the serum of a New Zealand white rabbit that was immunized with 
inactivated EAV. 
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Diagram presenting the data of DNA Immunization of Ba|b/c mice 
With recombinant plosmlds pCR3 J-JSAV-03-BX-C1 
expressing ORF 3 of equine arteritis vlrys 
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Fig. 7: 

The results of neutralization test obtained by the analysis of the sera of the individual 
Balb/c mice that were inoculated with the DNA of recombinant plasraid pCR3.1- 
BAV-04-BX-C3 harboring and expressing ORF 4 of equine arteritis virus (EAV). The 
individual animals are indicated with number 1 to 10. The white and black columns 
represent the data of pre and post DNA vaccinated animate, respectively. The column 
11 (red color) served as internal positive control and indicates the average of 
maximum and minimum neutralizing titer obtained from the serum of a New Zealand 
white rabbit that was immunized with inactivated EAV. 
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Diagram presenting the data of DNA immunization of Balb/c mice 
with recombinant plasmids pCR3.1-EAV-04-BX-C3 
expressing ORF 4 of equine arteritis virus 



IQQQ 




5 6 7 

Number pf Individual animal 



□Preirarawne serum ■ Post vaccination swum 



Fig. 8: 

The results of neutralization test obtained by the analysis of the sera of the individual 
Balb/c mice that were inoculated with the DNA of recombinant plaisraid pCR3.1- 
EAV-04-BE-C3 harboring and expressing ORF 4 of equine arteritis virus (EAV). 
The individual animals are indicated with nmnber 1 to 10. The white and black 
columns represent the data of pre and post DNA vaccinated animals, respectively. 
The column 11 (red color) served as internal positive control and indicates the 
average of maximum and minimum neutralizing titer obtained from the serum of a 
New Zealand white rabbit that was immunized with inactivated EAV. 
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Diagram presenting the data of DNA immunisation of Balb/c mjce 

with recombinant plasmid pC3.1-EAV*05-del-121 expressing 
the amino terminal (aa 1-121) of ORF 5 of equine arteritis virus 
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fig. 9; 

The results of neutralization tests obtained by the analysis of the sera of the individual 
Balb/c mice that were inoculated with the DNA of recombinant plasmid pCR3 1-EAV- 
OS-del-121 harboring and expressing the N-tejminal hydrophilic ectodomain of Gl 
envelope glycoprotein (amino acid residue M21 of ORF 5) of equine arteritis virus 
(BAV). The individual animals are indicated with number 1 to 10, The white and 
black columns represent die data of pre and post DNA vaccinated animals, 
respectively. The column 11 (red color) served 4S internal positive control and 
indicates the average of maximum and minimum neutralizing titer obtained from the 
serum of a New Zealand white rabbit that was immunized with inactivated EAV, 
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Diagram presenting the data of DNA ipunnnla^tlon of Balb/e mice 
with recombinant piasmids pCR3.1-EAV»02-BX-C5, pCR3.1-EAV-05-BX-C14, and 
pC31-EAV-BE-06 expressing ORFs 2, 5, and 6 of EAV, as well as 
pWS-2ras-Cl expressing IL-2 
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Fig. 10: 

The results of neutralization test obtained by the analysis of the sera of the individual 
Balb/c mice that were inoculated with the DNA of recombinant plasmids pCR3.i- 
EAV-02-BX-C5, pCR3.1-EAV-OS-BX-Cl4, and pCR3.1-EAV-06-BE-C4 harboring 
and expressing ORFs 2 (small glycoprotein), 5 (large envelope glycoprotein), and 6 
(membrane protein), of equine arteritis virus (EAV). The recombinant plasmid 
pWS2ms (expressing mouse IL2 gene) was administered as immune modulating 
factor. The individual animals are indicated with number I to 10. The white and black 
columns represent the data of pre and post DNA vaccinated animals, respectively. The 
column 11 (red color) served as internal positive control and indicates the average of 
maximum and minimum neutralizing titer obtained from the serum of a New Zealand 
white rabbit that was immunized with inactivated EAV. 
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Diagram presenting tfce data of DJSA Immpnization of BaJb/c mice 
with recombinant plnsmids pCR34-EAV*02-BXrC5 apd pCR3,l-EAV-04-BX-C3 
expressing ORF 2 and 4 Pf equine arteritis vims 
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Fig. 11: 

The results of neutralization test obtained by the analysis of the sera of the Individual 
Balb/c mice that were inoculated with the DNA of recombinant plasmids pCR3.1- 
EAV-02-BX-C5 and pCR3.1-EAV-Q4-BX-C3 harboring md exposing ORFs 2 and 
4 of equine arteritis virus (EAV)- The individual animals are indicated with number 1 
; to 10. The white and black columns represent the data of pre and post DNA 

vaccinated animals, respectively. The column 11 (red color) served as internal 
positive control and indicates the average of maximum and mim'TV|H T^ neutralizing 
titer obtained from the serum of a New Zealand white rabbit that was immunized with 
inactivated E AV, 
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Fig. 12: 

An example of the results obtained by enzyme linked immunosorbent assay (ELISA) for 
the detection of EAV specific antibodies. Polysorp F8 microtiter plates were coated with 
EAV Protein (EAV+ Host (RK13)) at a concentration of 2 ug x ml" 1 in PBS (+ 0.05% 
N 3 Na) over night at room temperature (for detail see session material and methods). The 
assay was stopped after 30 min by the addition of 50 f*l/well stopping solution POD and 
read according to standard procedures at 450 nm on an automatic ELISA reader 
(MRS000, DYNATECH, Denkendorf, Deutschland). Photograph was taken prior to the 
analysis of the assay by 450 nm by ELISA reader. 
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Establishing of a lymphoproliferation assay for detection of 

cellular immune response 




Fig. 13: 

Representative FACS profiles of egression of various adhesion molecules on spleen cells from a female BALB/c 
mouse. and TceHIswere activated for three dayswith a g/ml PHA(Ledinfrom PhaseolusvulgarlsSjgma, Gat. No. 
L-6754) (Rg,, 12 and B2) or 2.5 g/ml Fofcewead (Ledfn from Phytolaw amerlcana, Sigma, Cat. No. L-937B) (Rg. 
73 and B3) and only FACS buffer (PPS, 2% FCS.0.01% NaN;) asnegative control (Bg.TI and B1 ) respedh/ely. B- 
cells were stained foranglsfluorescencewith anti-mouse CO45R/B220 (diluted 1:100 in FACS buffer, RA3-8B2, 
PharMlngen, Cat. No. 01124A. Rip (Rg. P1 , B2 and BS green lane) and for doiitye fluorescence with anti-mouse 
CD69 (diluted 1:100 In FACS buffer, H1.2F3, PharMlngen, Cit No. 01505B, PB and anti-mouse CD45R/ B220 
(Rg. B1, B2 and B3, red line, showing the activated B-cells). T-csIIs ware stained for single fluorescence anti- 
mouse 003 (diluted 1:100 in FACS buffer. 145-20 1, PharMlngen, Cat, No.01088A, CyOirome) (Rg. Tl, 12 and 
11 green lane) and for double fluorescence with anti-mouse CDS9 (diluted 1:100 In FACS buffer, H1.2F3, 
PharMlngen, Cat. No. 0150SB, PE) end anti-mouse CDS, Calls were sorted and measured In FACScan (Becton 
Dickinson) (Rg. Tl , 12 and 13, red line, showing theactivated T-ce||s). 
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